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The strength for Cu-20 at.% Ni-6.7 at.% Al alloys is increased by age-hardening, and then adjusted by
softening during cold-rolling, and abnormal hardening during annealing at a low temperature. In this study,
the mechanism of the deformation softening and anneal hardening at a low temperature for the alloys was
investigated using transmission electron microscopy, resistivity measurement, and neutron beam diffraction.
During aging procedure, fine coherent y-Ni3Al particles with the ordered L1ls structure were precipitated in
the o-Cu matrix, resulting in significant age-hardening. In an early stage of cold-rolling, the deformation
hardening was occurred owing to increase of dislocations density. However, in a later stage of cold-rolling,
the contribution of deformation hardening decreased because dislocations density was slightly decreased by
dislocation annihilation. In addition, the contribution of the age-hardening by y-NisAl particles was degraded
due to disordering of the y-NisAl particles, eventually causing to deformation softening. On annealing at a low
temperature, the contribution of deformation hardening was similar with that before annealing, but age-
hardening was recovered due to re-ordering of the y-Ni3Al particles. Therefore, the combination of hardening
by high-dense dislocations and the hard y-Ni3Al particles resulted in an effective low-temperature anneal
hardening : e.g, an increase of approximatelyl00 HV in Vickers hardness after annealing at 475C for 1 min.
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Fig. 1 Vickers hardness for Cu-20Ni-6.7Al alloys after solid-solution
treatment, aging, cold-rolling from 12 to 88% in reduction rate,
and annealing at low-temperature.
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Fig. 2 Nominal strass-strain curves for Cu-20Ni-6.7 Al alloys after aging,
cold-rolling from 12 to 88% in reduction rate, and annealing at
low—-temperature.
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Fig. 3 Selected area electron diffraction and dark field (DF)-TEM images for Cu-20Ni-6.7Al alloys after aging (a), cold-rolling to 12% (b) and 88% (c), and
annealing at low-temperature (d). The DF images were taken from super-lattice diffraction spot of 100 from y'-Ni3zAl, as marked by a solid circle.

Shear tracks in y-NisAl particles by cold-rolling were marked by arrows in (b).
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Fig. 4 Resistivity for Cu-20Ni-6.7Al alloys after solid-solution treatment,
aging, cold-rolling from 12 to 88% in reduction rate, and aging at
low-temperature. The right axis presents (Ni+ Al) content in a-
Cu matrix calculated using eq. (1).
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Fig. 5 Dislocation density for Cu-20Ni-6.7Al alloys after cold-rolling
from 12 to 88% in reduction rate, and aging at low-temperature,
which were analyzed from neutron beam diffraction profile.
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Fig. 6 1" oo /12000 ratio analyzed from neutron beam analysis for Cu—
20Ni-6.7Al alloys after aging, cold-rolling from 12 to 88% in
reduction rate.
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Fig. 7 Tllustration of approximate strengthening components in Vickers
hardness for Cu-20Ni-6.7Al alloys after solid-solution treatment,
aging, cold-rolling from 12 to 88% in reduction rate, and annealing
at low-temperature. The dotted lines schematically draw
hardening by dislocations and precipitates based on the hardness
of the aged alloy (300 HV).
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