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On the Isothermal Age-hardening of Fe-Ni-Mn Martensitic Alloys

Minoru TANAKA, Tommo Suzukl and Masayoshi YODOGAWA

Synopsis: . )

The age-hardening behaviours of the Fe-Ni-Mn martensitic alloys have been studied in relation to
hardness, microstructure, lattice constant, electrical resistivity and magnetic properties comparing with
those of the non-age-hardenable Fe-Ni and Fe-Mn martensitic alloys. The results obtained in this
study are summarized as follows.

(1) In the age-hardenable Fe-Ni-Mn alloys, the matrix becomes etchable accompanying the reveal
of fine particles during age-hardening. In this hardening stage, the electrical resistivity decreases and
the lattice constant of matrix is maintained in almost constant while the half width of X-ray diffraction
line increases. The reversion can be observed in the age-hardened Fe-Ni-Mn alloys.

(2) 1In the non-age-hardenable Fe-Ni alloy, austenite appears during aging and grows in lameller
and the half width decreases abruptly on a short time aging.

(3) Although the age-hardening of Fe-Ni-Mn martensitic alloys cannot be ascribed to one factor,
it seems likely that the strain hardening due to the formation of the coherent precipitate or zone in
the matrix is a major factor. It is difficult to consider that such coherent precipitate or zone will be
formed in the non age-hardenable Fe-Ni or Fe-Mn martensitic alloys.

(4) The formation of such precipitate or zone will be possible when the miscibility gap island can
be assumed in the martensitic matrix of Fe-Ni-Mn alloys.

(Received 22 Jan. 1968) .
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~“Table 1. “Chemical compositions of samples.
Alloy V
12Ni6Mn [9Ni5Mn [7Ni4Mn | 24Ni | 12Mn
Element
(wi%)
Ni 164 | 903 | 695 | 2387 —
Mn | 625 | 523 | 387 | — l12-52
Fe ’ Bal. | Bal. | Bal | Bal ‘BaL
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Fig. 1. Hardness after aging at 400°,450°, 500° and *

550°C for the prepared alloys quenched from
900°C and subzero-treated at —196°C.
Numerals attached to the plots show the
volume percent of austenite estimated from
X-ray test. Small arrows in this figure in-
dicate the aging time when austenite was
detected in X-ray test.
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400°C Bsh D5 &1x 10hr £ T E AEE(LA L

Photo. 3. Some transmission electron micrographs of the 24Ni alloy.
(a) As quenched followed by subzero-treatment, (b) Aged at 450°C for 2hr.,
(¢) Aged at 450°C for 100hr., (d) Aged at 500°C for 100hr.

— 9] —



182 g @

B 54 4E (1968) ® 7=

Photo. 4. Some transmission electron micrographs of the 12Ni6Mn alloy.
(a) As quenched followed by subzero-treatment, (b) Aged at 450°C for 2hr.,
(c) Aged at 450°C for 100hr., (d) Aged at 500°C for 100hr
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Fig. 2. Lattice constant of martensite after aging at
400°,450°,500° and 550°C for the prepared
alloys.
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Fig. 3. Half width of (211) line of martensite after
aging at 400°,450°,500° and 550°C for the
prepared alloys.
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Fig. 4. Electrical resistivity after aging at 450°C for
the 24Ni alloy and the Fe-Ni-Mn alloys.
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after aging at 450°C for the 24Ni alloy and
the 12Ni6Mn alloy.
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Fig. 6. Some results of reversion tests for the 12Ni6Mn

alloy aged at 450°C.
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Fig. 7. Schematic representation of metastable mis-
cibility gap island in bcc phase for Fe-Ni-
Mn alloy system. The age-hardenable region
is expected as shown in the hatched area
where is an overlapped region between gap
island and martensitic region.
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