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Abstract Ti-50Ni(at%) and Ti-40Ni-10Cu(at%) alloy powders have been fabricated by ball milling method,
and their microstructure and phase transformation behavior were investigated by means of scanning electron
microscopy/energy dispersive spectrometry, differential scanning calorimetry (DSC), X-ray diffractions and trans-
mission electron microscopy. In order to investigate the effect of ball milling conditions on transformation behav-
ior, ball milling speed and time were varied. Ti-50Ni alloy powders fabricated with the milling speed more than
250 rpm were amorphous, while those done with the milling speed of 100 rpm were crystalline. In contrast to Ti-
50N alloy powders, Ti-40Ni-10Cu alloy powders were crystalline, irrespective of ball milling conditions. DSC
peaks corresponding to martensitic transformation were almost discernable in alloy powders fabricated with the
milling speed more than 250 rpm, while those were seen clearly in alloy powders fabricated with the milling speed
of 100 rpm. This was attributed to the fact that a strain energy introduced during ball milling suppressed mar-
tensitic transformation.
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Fig. 1. SEM micrographs of elemental Ti, Ni and Cu powders: (a) Ti powders, (b) Ni powders and (c) Cu powders.
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Fig. 2. SEM micrographs of as-milled Ti-40Ni-10Cu(at%)
250 rpm, (c) 100 rpm.
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Fig. 3. X-ray diffraction patterns of as-milled alloy pow-

ders fabricated by ball milling method: (a) Ti-SONi (at%)
alloy powders and (b) Ti-40Ni-10Cu (at%) alloy powders.
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Fig. 4. TEM observation results of as-millied Ti-50Ni
(at%) alloy powders fabricated by ball milling at a rotat-
ing speed of 350 rpm: (a) is an bright field image and (b) is
an electron diffraction pattern corresponding to (a).
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powders fabricated by ball milling method: (a) 350 rpm, (b)
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Fig. 5. TEM observation results of as-milled Ti-50Ni(at%)
alloy powders fabricated by ball milling at a rotating speed
of 100 rpm: (a) is a bright field image, (b) and (c) are elec-
tron diffraction patterns corresponding to A and B in (a).
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Fig. 6. TEM observation results of as-millied Ti-40Ni-
10Cu(at%) alloy powders fabricated by ball milling at a
rotating speed of 350 rpm: (a) is a bright field image and
(b) is an electron diffraction pattern corresponding to (a).
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Fig. 7. X-ray diffraction patterns of Ti-50Ni and Ti-40Ni-
10Cu(at%) alloy powders heat treated at 1123 K for 1 hr
after ball milling,
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Fig. 8. DSC curves of alloy powders heat treated at 1123 K
for 1 hr after ball milling: (a) Ti-SONi alloy powders and
(b) Ti-40Ni-10Cu alloy powders.
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Fig. 9. Electron probe mapping of Ti-SONi alloy(at%)
powders fabricated by ball milling at a rotating speed of
100 rpm for 10 hr.
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Fig. 10. X-ray diffraction patterns of Ti-S0Ni(at%) alloy

powders fabricated by ball milling at a rotating speed of
100 rpm for 10 hr.

Fig. 11. The shape of the Ti-50Ni(at%) alloy powders heat
treated at 1123 K for 1 hr after ball milling at a rotating
speed of 100 rpm for 10 hr.
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Fig. 12. DSC curves of Ti-50Ni(at%) alloy powders heat
treated at 1123 K for 1 hr after ball milling at a rotating
speed of 100 rpm for 10 hr.

Table 1. EDS analyses of Ti-50Ni(at%) alloy powders fab-
ricated by ball milling at a rotating speed of 100 rpm for
10 hr

Compositions (at%)
Area 1 Area 2 Area 3

Ti-Ni alloy powders

100 rpm/10 hr 46Ti-54Ni 49Ti-5INi 45Ti-55Ni
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