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Study on Precipitation Hardening of Martensitic Fe-Ni-Be Alloys

Masao KANAO, Toru ARAKI, Hideo NUMATA and Keishi NAKANO

Synopsis: .

Age hardening behaviours and precipitation process of martensitic Fe-59%Ni-Be alloys were investi-
gated. The results obtained were as follows:

(1) Fe-59%Ni-Be alloys containing 0°4729,Be or above were remarkably hardened by aging in
the temperature range between 400°C and 550°C after water-quenched from austenite region.

(2) There were two types of equilibrium precipitates in the aged alloy. One was finely distributed
general-type precipitate, and the other was stringer-like one produced by grain boundary reaction.
Both of them were CsCl type NiBe having lattice parameter of about 2°62A. The reaction was sup-
" pressed by the addition of small amount of Ti or Zr, accompaniedby significant improvement of
hardening.’ )

(3) 'Through the transmission electron microscopy and X-ray diffraction analysis,- it is considered
that the alloys are hardened by the formation of clusters with ordered structure rich in solute arom on the
matrix lattice.

(4) General-type precipitates were formed with the same orientation as the bcc martensite matrix.
However, as the misfit of the two bcc lattices was relatively large, the coherency strain and in the
lattice was possibly lost and the specimen was over-aged by the precipitation. Double diffraction
phenomenon was often observed on the diffraction patterns from the precipitated specimens.

(5) Fe-5%Ni-Be alloys showed reversion phenomenon when they were re-heated for short period at
e. 8. 625°C after pre-aged for 7hr at 450°C.
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Table i. Chemical composition of alloys teste.d. (wt %)

Alloy No C Ni Be Mn Si

Cu . P

S’ZrlTi

2N

1 0-036
2 0-003
3 0-006
4
5

LW

0-38

i 0°003
1 0°38

l 0-003
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0-15 |<0-001 | 0-003
0-47 |<0-001 | 0-003_
0-81 |«<0-001 | 0-003

<0001 | 0-001
<0-001 | 0-001
1<<0-001 | 0-002

0-001
0-001

0-003

0.004

0-004

0-004 | 0-004

0-004 0-10

0-0014
0-0014
00010
0°0043
0-0016
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Table 2. Effect of various heat treatments on Hv of Fe-5% Ni-0-5% Be alloy.
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Fig. 3. Effect of 5hr aging on lattice parameter of
quenched Fe-59Ni-0°5%Be alloy.
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Microstructures of Fe-59,Ni-0-5%Be
alloy water quenched from 950°C.

(a) Alloy No 1, (b) Alloy No 2,

(c) Alloy No 3. %240 (2/3) .

— 50 —

=)

e

O]



4

0

< ATF V¥4 +% Fe-Ni-Be 54 0 Bl {LIzET 5% 31

Photo, 2. Microstructures of Fe-5%4Ni-0°59%Be alloy
water quenched from 950°C and aged for
(a) 2hr (b) 10hr (c¢) 20hr at 450°C.
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Photo. 3. Transmission electron micrograph of Fe-
5%Ni-0'5%Be alloy water quenched from
950°C showing massive martensite.
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Photo. 4. Transmission electron micrographs of aged Fe-59Ni-0'5%Be alloy.
(a) Aged 8hr at 450°C, (b) Aged 20hr at 450°C,
(c) Aged 20hr at 450°C, (d) Aged 7hr-at 550°C,
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Photo. 5. General and cellular type precipitation of
Fe-59%,Ni-0'5%Be alloy water quenched
from 950°C and aged 7hr at 550°C (extract-
ion replica). .

Photo. 6. Cellular type precipitation of Fe-5%Ni-
0-5%Be alloy water quenched from 950
°C and aged 100hr at 450°C (extraction
replica) .
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Fig. 4. Effect of alloying addition on hardness of
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Photo. 7. Electron diffraction patterns of Fe-59%Ni-0-5%Be alloy quenched from 950°C and
aged ‘7hr at 450°C. (a) (100) matrix L beam, (k) (110) marrix L beam.
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8. Transmission electron micrographs of Fe- Photo. 9. Transmission - electron micrographs of Fe-
5%Ni-0°5%3Be alloy water quenched from
950°C and aged 7hr at 550°C. (a) Bright-
field, (b) Dark field micrograph. from a
super lattice reflection.

59,Ni-0"5%Be alloy water quenched from
950°C and aged 7hr at 550°C. (a) Bright-
field, (b) Dark field micrograph from a
super lattice reflection.

Photo. 10. Electron diffraction patterns of Fe-59Ni-0'5%Be alloy quenched from 950°C

and aged 7hr at 550°C. (a) (310) I beam, (b) (100) 1 beamas
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