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Low Temperature Toughness of Carbon free-11Ni-Mo Steels

Kotobu NAGAI, Koji SHIBATA, and Toshio Fujrra

Synopsis:

The effects of micro—structures and molybdenum alloying on the low temperature toughness have been
investigated in carbon—free 119 Ni~ 0 to 4% Mo steels reheated below each A; temperature after double
normalizing.” In spite of very low content of C,N,P,S, and other impurities in these steels, temper embrit—
tlement appeared in reheating or slow cooling in the range of 450° to 525°C. To inhibit this embrit—
tlement the following two methods were shown effective. One was using substructures which had a small
amount of fresh martensite and the other was alloying of 1% molybdenum. There was the optimum
molybdenum content, because at higher contents age-hardening and solution hardening by this element
became the enevitable cause of the low temperature brittleness. Further, it was concluded that the 1%
molybdenum steel having a small amount of fresh martensite showed excellent properties in both strength
at room temperature and toughness at —196°C. This steel is expected to have a good toughness also at

temperatures below —196°C.
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Table 1. Chemical composition of steels in wt%.

C Mn P S Ni Mo N Al O
M1 0.005 0.50 0.006 0.004 11.09 — 0.0026 0.015 0.0056
M2 0.004 0.50 0.003 0.006 11.12 0.21 0.0033 0.024 0.0018
M3 0.006 0.50 0.003 0.006 11.12 0.40 0.0030 0.023 0.0037
M4 0.004 0.50 0.003 0.005 11.12 0.58 0.0032 0.021 0.0039
M5 0.003 0.50 0.003 0.005 11.12 0.77 0.0033 0.021 0.0023
M6 0.004 0.52 0.006 0.008 10.89 1.00 0.0032 0.012 0.0038
M7 0.005 0.52 0.006 0.007 10.83 1.98 0.0027 0.008 0.0051
M8 0.005 0.51 0.007 0.007 10.73 2.95 0.0025 0.006 0.0047
M9 0.005 0.54 0.007 0.007 11.05 4.09 0.0027 0.003 0.0051
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Fig. 1. Changes in tensile properties of the
119%Ni-19%Mo steel by reheating
temperatures.
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Table 2. Observation of fractured surface except 3
shear lips in specimens reheated at 475°- é' /D
550°C by scanning electron microscopy. o0F o o _
& —5
Mo 475°C 500°C 525°C 550°C &
fre
0% B B B D
0.2 B B B D g
0.4 B B D D 2
0.6 B B D D @
0.8 B B D D 2
1.0 D D D D
2.0 D D D D
3.0 B B+D B+D D
4.0 B B B D 0 1 J 1
as 500, 600 700
B: britle D : ductile DN.  Reheating  Temperature(°C)

LEDTOX s, 1) 450°C @ (DUTFHlx
iE 450°C # L ET.) CTRAeMET el Ty
5. 2) 475°~550°C H4Tix Mo BiT Ko THEIIARE
CRInB. 3) 575°~630°C # CHRADBEM =2 v ¥
T, 4) 660°C Ll ETRAMANCEIE = 3 0V FIET
L, ZOMEBERD LEEM ERABELLD, Wl
I oTHE 690°C % 720°C 75 & CRAEERET S
L5,

475°~550° D 4EIR T ORI o & L FZE(LIT K35 Mo
D BB BRI, 09%Mo ik 475°~525°C T
Y oL EAMHED TR BRI LTw 55, Mo
BoiamE & e 2 ORI S, i CEInENE E
Bk fe%. LU, Mo %33% iz b LB

(b)
Fig. 3. Effect of reheating temperatures on the
absorbed energy at —196°C of the 11Ni-
Mo steels; (a) 0, 0.2 and 0.6%Mo,
(b) 1, 3 and 4%Mo.
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Photo. 1.

Electron micrographs of Fe-119,Ni-19,Mo steel reheated at each temperature;

1) 500°C, 2) 550°C, 3) 575°C, 4) 5) 600°C, 6) 630°C, 8) 660°C; arrowed

microstructures are fresh martensite.
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Table 3. Amount of retained austenite of the 119,
Ni-1¢;,Mo steel isothermally reheated.

1 2 4 8 | 16 | 32 |48n
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575°CG| — | — | — | — | — | — | =
600°C — = = =] =
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Fig. 4. Relationship between uniform elongation
and vyield strength of the 119;,Ni-Mo
steels having various microstructures.
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Fig. 5 Relationship between absorbed energy
and vyield strength of the 119,Ni-Mo
steels having various microstructures.
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Table 4. Comparison of Charpy absorbed energy at
—196°C between water cooled materials
and furnace cooled materials.

500°C 550° 600°C 630°C

W.C. F.C. W.C. F.C. W.C. F.C.|W.C. F.C.

0% | 2.4 1.4|21.5 6.3 26.4 11.6 23.1 18.1
0.2 0.6 — |20.4 1.8 |27.4 22,9 28.4 24.1
0.4 3.6 — 24.1 5.8 (24.2 24.0 16.8 19.1
0.6 2.3 — [16.5 4.2 |24.8 22.4 119.0 21.3
0.8 2.4 — |19.4 3.6 (24.8 19.4 21.8 20.3
1.0 18.6 12.8 118.4 20.7 (20.7 17.1 |23.7 18.1
2.0 13.5 8.0 (15.7 12.6 [{19.4 14.5 |16.9 13.9
3.0 14.1 13.2 |16.2 11.8 {17.8 16.2 {17.0 14.9
4.0 4.5 4.6 14.7 3.8 15.3 8.3 |12.8 10.3
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Fig. 6. Effect of Mo content on absorbed energy
of the 119Ni-Mo steels slow-cooled
after reheating at 600°C for 1 h (W.Q.;
water quenching, F. C.; furnace cooling,
S. C.; step cooling; G. E. type).
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Fig. 8. Effect of reheating temperatures on the
absorbed energy transition in the I1INi-
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Photo. 2. Transmission electron micrographs and scanning electron micrographs of Fe-11¢9,Ni-
09,Mo steel; (a) 500°C for 24h, (b) 525°C for 12h, (c) 550°C for 6h; arrowed
fractured surface show intergranular feature. Absorbed energy and Vickers hardness
of each specimen are given, and these values of materials reheated for 1h at each
temperature are also given in parentheses.
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Fig. 9. Changes of strengths and absorbed energy
of the 119,Ni-0.69,Mo steel by aging
after reheated at 630°C for 1 h.
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Photo. 3. Transmission electron micrographs and scanning electron micrographs
of Fe-119,Ni-0.49,Mo steel reheated at 450°C for(a) lh and(b) 96h.
Absorbed energy and Vickers hardness of each specimen are given.
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