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Strength and Low Temperature Toughness of Fe-13%Ni-Mo Alloys

Keisuke IsutkAwa, Norio MAruvama, and Kazuo Tsuva

Synopsis:

Mechanical tests were made on newly developed Fe-13%Ni—Mo alloys for cryogenic service. The effects
of the additional elements were investigated from the viewpoint of the strength and the low temperature
toughness. The alloys added by Al, Ti or V have the better balance of these properties. They did not
show low temperature brittleness induced by cleacage fracture in Charpy impact test at 77 K. The micro—
fractography showed the utterly dimple rupture patterns on the broken surface of all specimens. It would
be supposed that the cleavage fracture stress is considerably higher than the flow stress. These alloys are
superior to some commercial structural materials for low temperature use in the balance between the
strength at 300 K and the toughness at 77 K. Additionally, it is noted that these experimental alloys have
a good advantage in getting high strength and high toughness by the rather simple heat treatment.
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Table 1. Chemical composition (wt%) of the
experimental alloys used.

Specimen| | no | T3 | AL | @ X | Fe

number
1 |13.22 2.9200.087/0.0240.003f — | Bal.
2 [13.22 2.89/0.24 0.027/0.008) — |Bal.
3 113.19 3.08/0.47 [0.063(0.004] | Bal.
4 [13.26 5.0000.44 0.03900.004  — |Bal.
5  113.26 2.87] — [0.29 0.005f — | Bal.
6 [13.21] 3.200 — |0.11 (0.007| V =0.90) Bal.
7 113.12 3.08. — |0.18 [0.003{Nb —1.86 Bal.
8 [13.32 2.99 — |0.069(0.005 Cr—1.11| Bal.

Table 2. Transformation temperatures (°C) of
the tested various Fe~139,Ni-Mo alloys.
Both rate of heating and cooling was
1 000°C/12 min.

Specimen number Mg M; Ag Ar
1 270 330 645 670
2 270 330 650 670
3 275 335 660 690
4 280 355 675 715
5 285 355 665 715
6 305 360 670 695
7 280 345 680 730
8 295 355 670 720
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Fig. 1. Dimension of the used specimens, (a)
the standard Charpy impact specimen
and (b) the round tensile one.
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Fig. 2. (a), (b) Changes of the average grain
diameter of the used materials given by
reheating treatment at respective tempe-

ratures. A. Q. stands for the as quenched
state.
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Fig. 3. Changes in the proof stress and the ten-
sile stress of No. 1 and No. 3 specimens
at the respective reheating temperatures.
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Fig. 4. Changes of the proof stress of other
specimens than those in Fig. 3 at the
same reheating temperatures.
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Fig. 5. Effects of the reheating temperature on
the impact energy of the same materials
tested at 77K.
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Photo. 1. Electron microfractograph taken from
the fracture surface of the Charpy im~
pact specimen of No. 3 tested at 77K.
Picture shows the “dimple” charac-
teristic of ductile fracture. ’
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Table 3. Effects of alloying elements on the grain
size dependence, k, in the proof stress
of iron alloys at lower temperatures.
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Fig. 7. Comparison in the balance between the
proof stress at 300K and the impact
energy at 77K of the experimental ma-
terials and of the several commercial
structural materials for cryogenic service.
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MR E D FRARENC ETH S Thbbaaefkic
EOoTHESE D BRI IRTT 5 & L7 L RE LI
LM, NI U ARESL T LEEN L.
5-3 RMTBOVRICDONT

KMo Fe-129Ni 412 20T IRIGRORIC >
WCIREICHA BT WSS, b0 T Al Ti,
Nb 2% L»Z LERST 5. T bHOEIITLR

DENRICOWTIE, BRHVEEFE TH 5D TR E D78
T T X0, Fe-139,Ni-Mo &40 W C & BHLK T
B LHE LEEHEOMTEEDONST A EEZ LN
DEERICOWTEER L=d o Fig. 8 ©h 5. HEH
IENRE A4 TE ST WS, Cr, Nb O X 5 7%
HIR Tl X B 8E % OFFiE 600°C T ICIFET %,
Ti OFIMziE, REBRNTIRREED 0.2% BE L
Z%. Ti OAOBERIE AL Scavenger & L THEE,
SEIE~DFEIX A7 A3, 0.29% EIEORINIs&L~D
FHENDD S5 2Tl EHEVHIEI TR, I DITH
BT LMEOFFEINFHTETRHEOZMITLTY
<. Al OFHINEIFEEE, Bt s b BT ERMEON D,
Mo oEIIRED EHI LTELVWEHEOR T2 &
72L, L72432>T Mo D& M Sk v, Cr, V,
Nb iz ohiflicds. 4%, ThbOILROMMICE
X ETRE, FmEhic kS h O EE
TEHHED, IhODOEFEELIC LTV HDEN
2505 BRIV, HROMBEERESmME LT
Aol L7z

6. & B

REBRIZ BN TH LN REUTIRENT 5.

1) FREIRFREME & LTH L <BI% L7z Fe-13%Ni
~Mo&4&n=EmE L 771K okl AEEELE 3 IR
AT D S DRRET L7z

2) AL, Ti, V oiimz X v3&E (i§77) L8 (F%
) ORI WVWART L ADEEERBLT LN TE R
3) Zh oA IO RIEFREVIE & i LR
LEEC BT TR TW5.

4) EHEZLEYABIC X OTRE LS SRS L
SFHERELT VS, '

5) ZhBDOEBRES4E, TC 77K BT~
BRI X D RIRMEE AR T T im0,

AEBREZRETT DYDY, ABHOER, LF5is X
ORFREZS I iR Te, SUTRT, TE(LI7EE
VARRITAE S, HOOARTAFES, MRS, (LA TER X
CELSMTEOHERICHEZR L E7.

T B

1) B. W. BirMingHAaM and C. N. SmitH: Cryoge-
nics, 16 (1976), p. 59

2) W. M. Stacey, Jr,etal;: Nuclear Technology,
30 (1976), p. 261

3) L. 0. WitLiams: Cryogenics, 13 (1973),
p. 693

— 208 —

p =



[

4)
5)

6)
7)
8)

9)

Fe-1395Ni-Mo 4 4 o3& & (%18 8 i 1037

T. F. Pearson: Cryogenics, 13 (1973), p. 389
Welding and Metal Fabrication, 4} (1973),

p. 37

D. Harbwick: Iron and Steel, 34 (1961),

p. 414

AR BREAMEE 94 (1974), p. 375
EAFE: JWE\ETE, 11 (1976), p. 149

S. JiN, et al.: Advan. Cryo. Engineering, 19
(1974), p. 379

S. Jin, et al.: Met. Trans., 6A (1975), p.1721

10) J. M. Hopgen, etal.: Trans. Met. Soc. AIME,

11)
12)

13)
14)

15)

16)

185 (1939), p. 233

N. J. Petcu: Phil. Mag., 3 (1958), p. 1089
K. Ismikawa and K. Tsuva: Proc. 19th Japan
Cong. Mater. Res., 19 (1976), p. 57
BIEA: BRE&E2ARE, (1976, 10)

G. R. Speicu and P. R, Swann: JISI, 203
(1965), p. 480

T. GrLabMaN, et al.: Effect of Second-Phase
Particles on the Mechanical Properties of
Steel, ISI, (1971), p. 68

EEL—, fh: $ &8, 58 (1972), p. 128

17) §. K. Hwang, et al.: Met. Trans., 6A (1975),
p. 2615

18) M. J. Yokora, et al.: Meter. Sci. Eng., 19
(1975), p. 129

19) R. L. Swmrra and J. L. RUTHERFORD: J. Metals
209 (1957), p. 857

20) A. H. CortreLL: Trans. Met. Soc. AIME,
212 (1958), p. 192

21) B. R. Lawn and 7. R. WiLsHaw: Fracture
of Brittle Soilds, (1975), p. 77 (Cambridge
Univ. Press)

22) F)NEA, f: gk W, 64 (1978), p. 1038

23) Handbook on Materials for Superconducting
Machinery, (1975) (Metals and Ceramics

Information Center, Battelle Columbus Labo-

ratories)

24) W. R. Wirzke and J. R. StepHANs: NASA
TECHNICAL NOTE, NASA TN D-8232
(1976)

25) J. H. BEVLETIAN, et al.: Welding J., 56
1977), p. 97-s

— 209 —



