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Fracture Toughness of Fe-13%Ni-3%Mo-0.2%Ti Alloy at Cryogenic

Temperature

Keisuke ISHIRAWA, Kazuo Tsuva, and Norio MARUYAMA

Synopsis:

Fracture tests at cryogenic temperature were carried out on Fe-13% Ni-3%Mo0-0.29%,Ti alloy for cryo—
genic service. The results showed that this alloy did not yield cleavage fracture even at 4 K. The tem-—
perature dependence of the fracture toughness was smaller than those of the yield and the tensile stress. The
clear transition temperature was not observed down to 4 K. The ductile-brittle transition temperature
decreased with Ni concentration in B.C.C. iron (s—iron) alloy and was extrapolated to 0 K at about 13%
of Ni. This estimated value agreed with the results obtained by Charpy impact test.

The structural materials for cryogenic use should possess high strength and toughness for safty at lower
temperature. The yield stress (proof stress) and the fracture toughness of this alloy were 750 MPa at 300 K
and 90 MPay/mi at 4 K, respectively. The good balance between them was satisfied in this alloy.
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Table 1. Chemical composition (wt%) of the
tested material.

Ni Mo‘Ti

13.4 | 3.17 l3.17 0.21' o.ooj 0.00#0.0016 Bal.
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Photo. 1. Optical micrograph of the cross section

of the plate material perpendicular to the
rolling direction.
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Fig. 1. Dimension of the used specimens, (a) the
round tensile specimen, (b) the 3 point
bend test specimen, and (c) the double
notch plate specimen.
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Fig. 2. Load-displacement curves of the tensile
tests at various temperature.
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Fig. 3. Temperature dependence of the tensile
properties of Fe-139,Ni-39,Mo-0.29,Ti
alloy.

— 212 —



{

b

Fe-139,Ni-3%Mo-0.29,Ti & 4& O KIRICH T DR ¢ 1041

95% SECANT
A
R
R
Q
q
o
~
DISPLACEMENT

Fig. 4. Schematic load-displacement curve for
the determination of Py (Kg) and Py

(Kq).
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Fig. 5. Load-displacement curves of the 3 point
bend test at various temperature.
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Fig. 6. Temperature dependence of the fracture
tonghness Krp and Kg in the 3 point
bend test.
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Fig. 7. Load-ditplacement curves of the double
notch plate test at various temperature.
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Photo. 2. Electron microfractographs, (a) tensile specimen tested at 4K and (b) fracture toughness
specimen fractured at 4K after the introduction of fatigue crack at 300K.
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Fig. 8. Temperature dependence of the fracture
toughness Ky and Kg and COD after
final failure.
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Table 2. Each constant calculated by the
equation (4).

Temp.| 042 Kg Ko COD R R
K MPa MPay/ m mm 1 2
4 1331 | 86.8 114 0.47 12,1} 20.8
20 1190 | 96.3 107 0.45 13.9 | 21.4
77 1076 | 90.0 123 0.94 8.0 15.0
181 885 | 72.5 94.3 1.72 3.5 5.8
300 750 | 58.9 77.3 1.91 2.4 4.2

Ry=Kg/sq.» COD
Ry=Kg/og.2» COD

Table 3. Each constant calculated by the
equations (5) and (6).

Temp., Kg Ko | GVN
K

MPaym | j | B

R, | Ry | Ry

4.95 | 6.36
4.54 | 7.71
1.44 | 2.40

4| 76.6 86.8] 112 0.04# 0.057
77 1109 142 | 190 | 0.068 0.116
300 | 73.4 94.7| 241 0.031 0.054

Ry1=:0¢,2(Kg/0o.2)?/(CVN—gq.2/100)
Ry 6q.,2(Kg/09.2)2/(CVN~gy,2/100)

R3= K2/(GVYN)3/2, R4~K&/(CVN)3/2
W RIS C U 3 DRI R DBSIR AL 3522,
K2=m-E¢y-COD «rerereiinneniinnn (3)
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Fig. 9. Relationship between fracture toughness
Kp and Ky, impact energy (CVN) and
0.29;, strain proof stress at respective
temperature.
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Fig. 10. Temperature dependence of fracture to-
ughness Kg for iron alloys with various
Ni concentration. (@ from 3 point bend
test, Ml from double notch plate test)
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Fig. 11. Relationship between Ni concentration in
iron alloys and ductile-brittle transition
temperature obtained by fracture tough-
ness test and Charpy impact test.
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Fig. 12. Ni concentration dependence of fracture
toughness Ky at 4K and 300K, respeci-
vely. (@ W from 3 point bend test, O
o from double notch plate test)
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OHEEBEZ I T T, MPFeiT, T (bR
IS, (b atiss LOMHEMMEOBERICHELHE
LET. F4KoRBIC RS THEBEBERZED L
i A ol D= s
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