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Strength and Toughness of 12Cr-12Ni-10Mn-5Mo Steel for Cryogenic

Structural Application

Junji ISHIZAKA, Ritsu MIURA, Susumu SHIMAMOTO and Hideo NAKAJIMA

Synopsis :

It is well known that austenitic stainless steels are non-magnetic and have good toughness and high

strength at low temperature.

In this study, the effects of alloying elements such as molybdenum,

manganese and nitrogen on the strength and toughness of austenitic steels and the mechanical properties

of their large forgings were investigated at low temperature.

follows.

The obtained results are summarized as

(1)Molybdenum is effective for improving strength and toughness of austenitic steel at low temperature.
(2)A 12Cr-12Ni-10Mn-5Mo steel was developed as a modification of SUS316LN for cryogenic structural

material.

(3) At low temperature, the grain refinement is effective for increasing yield strength and the reduction

of inclusions is effective for increasing toughness.

(4)An industrial scale forged plate of the newly developed steel was manufactured from a 6t ESR ingot.
The 140 mm thick plate showed very homogeneous mechanical properties through the thickness.
Key words : alloying element ; steel for low temperature ; grain size ; inclusion ; strength ; toughness.
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Fig. 1. Effect of molybdenum content on the
tensile properties of Fe-12Cr-12Ni-0.1N steel at
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Table 1. Chemical composition of the test materials.
Materials rNu ) Chemlcal Composmon (wt.%) )
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3] oo | oss | 1 | oo | oo | 1184 | 1198 505 | 0107
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45%‘”0.021 061 | 120 | oom | oow | s | 1 | 9% | o.1ii£
6| 0032 083 1035 | 002 | oo | 1198 12 | 16 0.171
50KgVIMed |7 | 0025 | 054 5.20 002140.007 1200 | 1225 | 4g2 0.134
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'9| 0024 | 055 | 1504 | 00N Loooe 180 | 1200 | 481 0.205
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16 002 | 060 | 1081 | 0018 | 0005 | 1270 1241 | 510 0200 |
500Kg ESR'ed) 0047 | 074 | 92 | 0015 | 0002 | 1193 | 1145 | 508 0204 |
6ton ESR'ed | 0046 | 044 | 974 | 00w | oon2 | e | 221 | 489 Loma
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Fig. 2. Change of absorbed energy by test

temperature for Fe-12Cr-12Ni-0.1N steel with
various molybdenum content.
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Fig. 3. X-ray diffraction analysis on the ex-
tracted residue from the steel containing 9.9%Mo.

a) 7.65%Mo
Photo. 1.

b) 9.90%Mo
Microstructures of Fe-12Cr-12Ni-0.1N steels containing a)7.65%
and b)9.90%Mo (1040°C X 2h W.Q.).
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Fig. 5. Change of absorbed energy by test
temperature for Fe-12Cr-12Ni-5Mo-(0.1-0.2)N

steel with various manganese content.
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Fig. 6. Effects of nitrogen and solution annealing

temperature on the tensile properties of Fe-12Cr-
12Ni-10Mn-5Mo steel at 4 K.
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Fig. 7. Effect of tensile testing temperature on
the increase of 0.2% offset yield strength per
0.1 wt% nitrogen content.
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Fig. 8. Effects of nitrogen and solution annealing
temperature on absorbed energy of Fe-12Cr-
12Ni-10Mn-5Mo steel at 4 K.
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Photo. 3. Microstructures at various locations of 6 t ESRed forged plate.
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a) Test temperature : RT b) Test temperature : 77K
¢) Test temperature : 4 K

Photo. 4. TEM photomicrographs on 12Cr-12Ni
steel deformed at various temperature.
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Fig. 12. Comparison of temperature dependence
of 0.2% yield and tensile strengths among variously
processed 12Cr-12Ni-10Mn-5Mo steel.
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Table 2. Cleanliness of the materials measured by point counting method and oxygen content.

Steel Melting Ingot Cleanliness (%) Oxigen content
process weight Sulfide Oxide Total (ppm)
Coni VIM 50 kg 0.033 0.029 0.062 61
12Ce-12Mi ESR 500 kg 0.008 0.015 0.023 13
n-oio ESR 6t 0.023 0.012 0.035 6
4. ¥ a

Fatigue
Pre-Crack

a) VIM 50 kg heat b) ESR’ed 500 kg heat
¢) ESR’ed 6t heat

Photo. 5. SEM fractographs on the 4K fracture
toughness specimens made from variously proc-
essed ingots.
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