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Effects of Chemical Compositions and Aging on Microstructure and Magnetic Shape-Memory
Response of Fe-Ni-Co-Ti Alloys
Ryoji Hayashi

Synopsis: To explore the possibility of developing Magnetic Shape-Memory (MSM) materials based on Fe-Ni-Co-Ti alloys,

the effects of chemical composition (Co/Ni ratio) and aging on microstructure and magnetic shape-memory

response were studied. A suitable choice of chemical composition and aging enabled the formation of martensite

at or above room temperature. Most of the observed martensite morphology was lenticular. A specimen with the

lowest martensite start temperature (203 K) exhibited a typical thin-plate morphology, which is fully twinned and

believed to be required for MSM materials. Aging treatments were effective in increasing hardness and the satura-

tion magnetization through a structural change from austenite to martensite. Though a specimen with thin-plate

martensite exhibited a significant conventional shape-memory effect, no significant magnetic field-induced strains

were observed.

Key words: magnetic shape-memory materials; Fe-Ni-Co-Ti alloys; aging; Co/Ni ratio; martensite; lenticular martensite; thin-

plate martensite; field-induced strain.
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Fig. 1. Schematic illustration of shape change mechanisms of () magnetostrictive, (b) shape memory, and (c) magnetic shape memory materials".
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Table1. Chemical compositions of examined alloys. (mass%)

Alloy name Fe Ni Co Ti
S 52 29 15 4
S2 52 27 17 4
S3 52 25 19 4
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Fig. 3. Relative orientations of specimen, strain gauge, and applied
magnetic field.
H : Applied magnetic field
&, : Strain perpendicular to applied magnetic field
g, Strain parallel to applied magnetic field
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Fig. 4. Optical micrograph of S3 aged at 700°C for 3h.
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Fig. 5. Optical micrograph of homogenized S1 after quenching in
liquid nitrogen.
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Table2. Chemical compositions of (Fe, Ni, Co);Ti precipitates.
(Average of five precipitates, at%)

Fe Ni Co Ti

7.6 57.3 10.7 24.4
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Fig. 8. Aging behavior at (2)600°C and (b)700°C.
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Fig. 11. Aging behavior on satulation magnetization.
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