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Effects of Nitrogen, Niobium, Phosphorous and Carbon on the Mechanical Properties of
Aged 316LN Stainless Steels at the Cryogenic Temperature, 4K

Kotaro 1sHI10, Kazuya HAMADA and Hideo NAKAJIMA

Synopsis : Type 316LN stainless steel is a candidate material for jacketing materials of Toroidal Field (TF) coil for International Thermonuclear Experi-

mental Reactor (ITER). It was known very well that superconducting reaction heat treatment, i.e., aging caused intergranular sensitization

and decreasing of ductility and toughness of stainless steels at 4K. In this paper, the effect of N, Nb, P and C on the 4K mechanical properties

of aged 316LN stainless steels was discussed. In order to prevent decreasing of 4K ductility and toughness of aged 316LN stainless steels

with P content of an industrial level, Nb free, C content less than 0.01 mass% and N content less than 0.18 mass% were recommended.
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Table 1. Chemical compositions of test materials. (mass%)
Specimen No. C Si Mn P S Ni Cr Cu Mo \ Nb N
1 0.010 041 1.53 0.024 0003 1228 17.37 0.13 250 0.02 0.125
2 0.009 044 156 0.024 0004 1233 1765 0.13 250 002 — 0.132
3 0.008 042 1.52 0.023 0.004 1228 17.50 0.12 252 002 — 0.174
4 0.008 0.42 1.57 0.024 0004 1234 1758 0.12 253 002 — 0.180
5 0.008 043 1.52 0.024 0.004 1230 17.60 0.12 255 0.02 — 0.190
6 0.010 0.42 1.54 0024 0003 1228 1739 0.12 248 002 — 0.194
7 0.012 043 1.53 0.023 0.003 1228 1734 0.13 253 002 — 0.209
8 0.007 0.42 1.52 0.023 0004 1225 1752 0.13 254 002 — 0.221
9 0.010 043 1.60 0.024 0.004 1232 1759 0.13 254 002 — 0237
10 0.014 044 151 0024 0003 1222 1737 0.2 252 0.02 0.02 0.185
1 0.015 044 1.51 0.024 0.003 1220 1736 0.12 251 002 0.04 0.198
12 0014 042 156 0.024 0.003 1228 1744 0.12 250 0.02 005 0.197
13 0.015 044 152 0024 0003 12.19 1737 0.12 250 002 0.07 0.195
14 0.016 0.43 1.56 0.012 0.003 1235 1740 0.12 249 0.02 005 0.19
15 0.022 043 1.55 0.005 0.002 1234 1734 0.12 250 0.02 0.05 0.191
16 0.020 042 1.56 0.025 0.004 1228 1732 0.12 247 0.02 0.186
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Fig. 2. Effect of N content on the tensile properties of so-
lution heat-treated and aged 316LN stainless steels
at 4K. (Specimen Nos. 1-9)
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Fig. 3. Effect of N content on the fracture toughness
K,-(J) of solution heat-treated and aged 316LN
stainless steels at 4K. (Specimen Nos. 1-9)
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Fig. 4. Effect of Nb content on the tensile properties of so-
lution heat-treated and aged Nb added 316LN
stainless steels at 4K. (Specimen Nos. 6, 10-13)
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Fig. 5. Effect of Nb content on the fracture toughness

K (J) of solution heat-treated and aged Nb added
316LN stainless steels at 4K. (Specimen Nos. 6,
10-13)
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Fig. 6. Effect of P content on the tensile properties of solu-
tion heat-treated and aged Nb added 316LN stain-
less steels at 4K. (Specimen Nos. 12, 14, 15)
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Fig. 7. Effect of P content on the fracture toughness K, (J)
of solution heat-treated and aged Nb added 316LN
stainless steels at 4K. (Specimen Nos. 12, 14, 195)
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Fig. 8. Effect of C content on the tensile properties of so-

lution heat-treated and aged 316LN stainless steels
at 4K. (Specimen Nos. 4, 16)
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Fig. 9. Effect of C content on the fracture toughness K~ (J)
of solution heat-treated and aged 316LN stainless
steels at 4K. (Specimen Nos. 4, 16)
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Fig. 10. Microstructure of solution heat-treated and aged Nb added 316LN stainless steels. (Specimen Nos. 12, 14, 15)
(a) As solution heat treatment, (b) after 923K X240 h heat treatment, (c) after 1023K <55 h heat treatment.
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