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Effects of Nitrogen on the Mechanical Properties of 316LN Stainless Steels

Kotaro IsH10 and Hideo NAKAJIMA

Synopsis : Type 316LN stainless steel is one of the candidate structural materials for the low stress regions of the toroidal field coil for International

Thermonuclear Experimental Reactor (ITER). It was confirmed that contribution of nitrogen to 0.2% yield strength of 316LN at 4K is more

than that of carbon in a previous paper.’ However, it has never be investigated the tensile property of the 316LN, in which carbon content

was controlled at low level and nitrogen content was varied. Therefore, it was systematically investigated the mechanical properties of the

low carbon controlled 316LN, in which nitrogen content was varied in the wide range, at 4K, 77K, room temperature and high forging tem-

peratures. In consequence, it was confirmed that the cryogenic elongation of the specimens included the high nitrogen content over

0.221 mass% was lower than an elongation{(T—M_,,) curve. T means tensile test temperature. In addition, the data of the reduction of area at

1373K were increased with increasing nitrogen content over 0.175 mass%. It was inferred that these behaviors were influenced by enhance-

ment of dislocation density by super saturation of solution nitrogen.
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Table 1. Chemical compositions and Grain size No. of test materials.

Chemical Composition (mass%)

Specimen No.

Grain size No.

C Si  Mn P S Ni Cr Cu Mo V N
1 0.010 0.41 153 0.024 0.003 1228 1737 0.13 2.50 0.02 0.125 3.7
2 0.009 0.44 156 0.024 0.004 1233 1765 0.13 250 0.02 0.132 3.4
3 0.008 0.42 1.52 0.023 0.004 1228 1750 0.12 2.52 0.02 0.175 33
4 0.008 0.42 1.57 0024 0.004 1234 1758 0.12 253 002 0.180 1.8
5 0.008 0.43 1.52 0.024 0.004 1230 1760 0.12 2.55 0.02 0.190 3.9
6 0.010 042 154 0.024 0.003 1228 1739 0.12 248 0.02 0.194 3.0
7 0.012 043 1.53 0023 0.003 1228 1734 0.13 2.53 0.02 0.209 3.3
8 0.007 0.42 152 0.023 0.004 1225 17.52 0.13 2.54 0.02 0.221 4.0
9 0.010 043 1.60 0.024 0.004 1232 17.59 0.13 2.54 0.02 0.237 4.8
10* 0.015 042 138 0.024 0.010 12,67 16.41 - 2.60 - 0.114 4.2
* Specimen No.10 is a commercial pipe forging.
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Fig. 1. Shapes and dimensions of test specimens.
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Fig. 2. Effect of N content on the 0.2% yield strength of
316LN stainless steels at 300K, 77K and 4K.
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Fig. 3. Effect of N content on the tensile strength of
316LN stainless steels at 300K, 77K and 4K.
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Fig. 4. Effect of N content on the elongation of 316LN
stainless steels at 300K, 77K and 4K.
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Fig. 5. Effect of N content on the reduction of area of
316LN stainless steels at 300K, 77K and 4K.
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Fig. 6. Effect of N content on the fracture toughness K;~(J)
of 316LN stainless steels at 4K.
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Fig. 7. Effect of N content on tensile strength and reduc-
tion of area of 316LN stainless steels at high tem-
perature (test condition: on-cooling).
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Fig. 8. Effect of N content on tensile strength and reduc-
tion of area of 316LN stainless steels at high tem-
perature (test condition: on-heating).

Table 2. Summary of regression analyses on the effect of
N content on 0.2% yield strength.
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Fig. 9. Contribution of N term to the 0.2% yield strength
of 316LN stainless steels at low temperatures.
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Fig. 12. Relationship between 0.2% yield strength and
fracture toughness of 316LN stainless steels at
4K.

Table 3. Comparison between grain size Nos. of test mate-

rials as SLT and after 1523K X 15 min heat treat-
ment.

Grain size No. (Grain diameter)
As SLT(1323K X 1hr) After 1523K X 15min.

Specimen No. N (mass%)

2 0.132 3.4 (125um) -0.4 (353um)
3 0.175 3.3 (129um) -0.3 (365um)
5 0.190 3.9 (105um) -0.5 (341um)
8 0.221 4.0 (101pm) -0.3 (365um)
9 0.237 4.8 (77um) -0.2 (378um)
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