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Precipitation Hardening of Ferritic Fe-Ni-Al Alloys

Masao KANAO, Toru ARAKI, Hideo NUMATA and Takao AOKI

Synopsis:*

With solution treatment at 800°C, ferritic Fe-5Ni-2Al alloy showed almost the same age hardening
property as that of solution treated one in full austenite condition. By utilizing this phenomenon, the
precipitation process of ferritic Fe-Ni-Al alloy was investigated.

Two kinds of extra spots besides bec lattice reflection were observed in the electron diffraction pat-
terns of the aged specimens. The one was the spot due to epitaxial oxide film sometimes produced on
the specimen surface, which could be remaved by carefull treatment of the specimen. The other kind
of spot was the super lattice reflections of ordered precipitates, and using this reflected beam, it was
reaffirmed through dark field image that CsCl type (B2) precipitates arise in the same orientation as
In the aged Fe-5Ni-1Al-1-7Ti alloy DOj; type diffraction pattern was obtained, but
By measurements of electric resistivity and

the bcc matrix.

not the case in Fe-5Ni-2Al alloy aged at 550°C or above.

lattice parameter of «a-solid solution parallel with observation of electron diffraction pattern, it was

assumed that the precipitation of NiAl occurred from the beginning of aging, e.g., at 550°C.
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Table 1. Chemical composition of alloy tested (wt2;).

System Alloy No.| C Ni Al Si Mn P S \ Cu | SN
e NiAL 1 | odo4| 503 [ 1-01 | o000 N.D.| 0001 | 0003 |<00r | —
i 2 0-004 | 4:93 | 2:42 | 0-004 <0-00L | 0-001 | 0-004 | 0-00L | 0-0010
e Ni_ALC 3 018 | 497 | 1-91 0-034i 0-004 | 0-001 | 0-004 |<0-01 | —
e-Ni 4 0-17 | 4:74 | 2:35 | 0003 |<0-001 | 0001 | 0-004 | 0:002 | 0-0012
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Results of various heat treatments on
hardness of Nitralloy after Seabrook.
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Fig. 2. Effect of lhr tempering on lattice para-
meter of quenched Fe-5Ni-2Al alloy.
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Fig. 4. X-ray diffraction pattern of extracted residue of Fe-5Ni-2Al alloy aged for 16 hr at 580°C.
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. General precipitation of Fe-5Ni-2Al alloy quenched
from 1000°C, tempered 2hr at 700°C and aged 100hr
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Photo. 5. Dark-field micrograph from a super-
lattice reflection of Fe-5Ni-2Al alloy
water quenéhed from 1000°C, tempered
lhr at 800°C and aged . 100hr at
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Fig. 5. Schematic diffraction patterns for coher-
ent precipitation of FejAl and NiAl in
ferritic’ matrix: (a). (100), diffraction
patterns, (b). (110), patterns, Note that
closed circles represent matrix spots, open
circles represent precipitates spots.

Photo. 6. Electron diffraction pattern of Fe-5Ni-
1Al-17Ti allcy quenched from 1100°C
tempered lhr at 800°C and aged 10hr
at 550°C.
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Photo. 7. Effect of aging temperature on microstructure of Fe-3Ni-2Al
alloy quenched from 1000°C, tempered 2hr at 680°C and LT ONWTDIINETOERTR
aged 10hr at (a) 450°C (b) 490°C (c) 580°C (d) 620°C. SO X S BRI RS XL
X240 (5/8)

oy

2A1 alloy water quenched from 1000
°C, tempered lhr at 800°C and aged
100hr at 600°C : (a) bright-field. (b)
dark-field micrograph.

Photo. 8. Cellular type precipitates in Fe-3Ni-
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Photo. 9. Cellular type precipitates in Fe-5Ni-
2A1-0-2C alloy quenched from 925°C,
tempered 24hr at 680°C and aged

16hr at 580°C. %500 (7/9)
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Fig. 6. Effect of alloying addition on hardness of Fe-5Ni-2Al
alloy as a function of aging time.
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11. Electron micrographs of Fe-5Ni-2Al
alloy water quenched from 1000°C
showing (a) lath martensite (b) mas-
sive ferrite.
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Fig. 7. Changes of various properties during aging at 550°C of Fe-5Ni-2Al alloy quenched
from 1000°C and tempered lhr at 800°C.
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Fig. 8. Relationship between hardness and lattice parameter

of matrix as a function of aging time at 550°C of
Fe-5Ni-2Al alloy quenched from 1000°C and tem-
pered 2hr at 680°C.
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Fig. 9. The percentage changes in resistivity at 0°C as

a function of aging time.
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