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Effects of Aging and Ni on Cryogenic Mechanical Properties of
Austenitic Stainless Steels
Masao SHIMADA
Synopsis :

Effects of Ni and aging on strength, ductility and fracture toughness of Fe-0.02C-18Cr-(10-30)Ni alloys
were investigated at cryogenic temperatures. The main results are as follows ;

(1) The aging at 973K for 270 ks caused M,3Cg carbide to precipitate at grain boundary. The precipi-
tates increased with Ni content.

( 2 ) Tensile strength was affected greatly by Ni content but not by aging because amount of induced o’
martensite corresponded to it.

( 3) Yield strength at 4 K was lowerd by induced martensitic transformation.

This trend was enhanced by aging.

( 4 ) Elongation was explained by Md;,. Aging lowered Mds, in metastable steels.

(5 ) In fracture toughness test, aging caused intergranular fracture and deteriorated K;c regardless of
Ni content though K¢ increased with Ni content. Its dependence in metastable steels was much larger than
in stable steels. The 15Ni% steel had extremely high K;- because TRIP relaxed stress concentration at
crack tip. :

(6 ) It seemed to be possible to improve 4 K fracture toughness of aged steels which included a number
of grain boundary precipitate if stress concentration around precipitates was relieved.

Key words : austenitic stainless steel; Ni; aging; strength; ductility; fracture toughness; martensite ;

" TRIP ; low temperature.
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3-1 BhCKZEBETILEREYD

Photo. 1 iZ N1 $i4 5 N6 ORI O 3 7 ok
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2. Photo. 1. Optical micrographs of the aged steels.
Table 1. Chemical compositions of the steels tested (mass%).
Steel C Si Mn S Cr Ni Mdso[K1*.
N1 0.021 0.110 . 0.47 0.003 0.0014 17.69 10.02 258
N2 0.017 0.093 0.49 0.003 0.0014 18.12 12.60 177
N3 0.021 0.098 0.48 0.003 0.0009 18.04 15.03 108 -
N4 0.020 0.098 0.49 0.003 0.0010 17.34 20.35 —37
N5 0.021 0.110 0.48 0.003 0.0009 18.07 25.11 ) —185
N6 0.020 0.120 0.48 0.003 0.0010 18.11 30.16 —332

* Mdyo=824-462(C+N)-9.2Si-8.1Mn-29.6Ni-13.7Cr-1.42(GSNO-8.0)!V, where GSNO is grain size number
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Photo. 2. Grain boundary carbides of the steels aged at 973 K for 270 ks.

Table 2. Chemistries of extracted residues from
aged specimens (mass%).

Steel Fe Mn Cr N
N1 0.029 0.002 0.128 tr.
N2 0.014 0.002 0.069 ir.
N3 0.022 0.003 0.105 tr.
N4 0.023 0.006 0.108 tr.
NS 0.025 0.006 0.124 ir.
N6 0.029 0.006 0.168 tr.
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Fig. 1. 4K load-displacement curves of tension
test for the steel, N1, N3 and N5.
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HRERT. 300K TBMHILH &M OZIINE
oM HONI BREHZIEEA RO W, 77K &
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ETHAETT5A& 512 Ni 03 LRy
5. 25% Ni TERAMEICEL /2 30% Ni TRERRLET
T4, 77K BXU 4K OFZIM TIX, Ni 22 10% »
5 15% (T 5 L I AMET T A HEEAHIE IR S
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Fig. 3 K KZRE COFIRIA S O Ni BEKERZRT.
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Fig. 2. Effect of Ni content on yield strength at
4 K, 77 K and 300 K.
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Fig. 3. Effect of Ni content on tensile strength at
4K, 77 K and 300 K.
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Fig. 4. Effect of Ni content on total elongation at
4 K, 77 K and 300 K.
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Fig. 7. Magnetic permeability at the fractured
surfaces of the Jic specimens.

Aged N1 steel
Photo. 3.

Aged N 3 steel

Aged N5 steel
SEM fractographs of J;c specimens tested at 4 K.
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Photo. 4. TEM micrograph of the N6 steels de-
formed by 8% at 4 K after aging.
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Fig. 8. Elongation vs. T-Mds, for solutioned and
~ aged steels.
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a : Undeformed N1 steel b : Deformed N1 steel

¢ : Undeformed N 3 steel d: Deformed N3 steel '
Photo. 5. TEM micrographs of the N1 and N 3 steels.
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