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Low Temperature Ductility of 112 Ni Steels Having Various
Microstructures Obtained by Heating in a+v Duplex Phase Region

Kotobu Nacal, Koji SHiBATA, and Toshio Fuprra

Synopsis:

Tensile testing has been carried out in the temperature range from —196°C to room temperature. High-

ly tempered martensite (plus fine dispersed retained austenite) microstructure, observed in specimens hea—
ted in the vicinity of Ay temperature, shows the best low temperature ductility. Heating in the vicinity
of A; temperature, lath—type fresh martensite with sorne small recrystallized equiaxed grains is observed
and shows relatively a good ductility. On the other hand, a highly recovered ferrite with fresh martensite
structure, obtained by heating in the intermediate range of a—y duplex phase region, yields a poor ductility.
All these structures, especially the former two ones, exhibit larger uniform elongation at lower temperature
down to —196°C. No trace of martensitic transformation of retained austenite is detected by cooling down
to —269°C, but a little plastic deformation at —78°C makes most of retained austenite transform to marten—

site. Such a transformation induced by deformation is also observed at room temperature. Considering
the results of some other Fe—Ni alloys, the interrelationship between low temperature ductility and micro—

structures of 119 Ni steels is discussed.
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Table 1. Chemical composition of steels used in this study in wt%.

C Mn Si Ni Co Mo Ti Cr

N1l 0.006 0.51 *k 10.56 5.16 * 0.66 1.05
N22 0.004 0.53 *k 10.96 5.35 2.06 * 1.08
N23 0.007 0.51 ok 10.72 0.19 1.91 * 1.02
N31 0.005 0.51 *k 10.74 5.15 0.48 0.64 1.01
N3L 0.06 1.33 0.22 3.07 *k .0.36 *k 0.99
N5L 0.06 0.77 0.18 5.05 *% 0.32 *k 0.96
99,Ni steel 0.05 0.50 0.17 9.07 *k *k *k ok

N22L 0.068 0.44 Fx 10.98 4.98 2.89 *k 0.95

* nil ** not analyzed, N-series; P<0.006, S<0.007
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Table 2. Transformation temperatures of

steels (°C).

Ag
Dilatation X-rays* As M

steel

Nl11 660 550 810 470
N22 575 550 785 415
N23 630 600 775 460
N31 660 600 785 460
N3L 660 — 785 —
NSL 640 — 810 —
99, Ni steel 620 — 730 460
N22L 580 — 825 320

* lowest heating temperature y-peak is detectable
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| scale:micron-meter
Photo. 1. Transmission electron micrographs of N22 & N3I reheated for 2h in a+7y rcg!ion
after heating in y region; N22 (a) 550°C (b) 600°C (c) 630°C (d) 660°C
(e) 690°C (f) 750°C (g) 780°C, N31 (h) 600°C.
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Fig. 5. Change of volume percent of retained aus-
tenite during plastic strain at low tempe-
ratures, (a) NI1l; 780°C x0.5h >W. Q.,
600°C x2h >W. Q. (b) N23; 780°C X
0.5h—->W.Q., 600°C x2h ->W. Q.

Table 3. Variation of the volume percent of retained austenite by maximum load

strain (e,) at —196°C (%).

specimen & heat treatment R.T. —195611"15;;020}1' max load ex (%)
N1l 780°C x0.5h, 600°C x2h 12.3 10.7 0.99 12.5
630°C x2h 5.9 5.0 0 11.3
N23 780°C x0.5h, 600°C x2h 11.3 10.5 0 13.8
630°C x2h 2.7 2.9 0 8.8
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Fig. 11. Schematic diagram of effects of fresh
martensite on flow stress & ductility
(1) carbon-free (2) low carbon.
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