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ABSTRACT The aging effects on the characteristics of the melt spun Cu based shape memory
alloys have been investigated by the microhardness test, X-ray diffraction, differential scanning
calorimetry, scanning electron microscopy and transmission electron microscopy. After aged for
specific times, hardness of the ribbons began to increase and shape memory capacity diminished.
At the initial stage of aging the austenitic transformation temperatures increased gradually, but
at last became nearl'y constant: That is, the aging deteriorated the thermal stability. The increase
in hardness was due to the formation of the ¥, precipitates. The loss in the shape memory capacity
was due to the decrement of solute atoms in the matrix by the formation of the Y, precipitates.
In this study, it was confirmed that Mn is an effective element for improving the thermal stability.
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Fig. 1. SEM micrographs in the cross section of the
melt spun ribbon (alloy No. 1).
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Fig. 2. TEM micrographs and bAD pattern of the

thermoelastic martensite in the melt spun ribbon (alloy
No. 1).

Fig. 3. TEM micrographs showing the grain size of
the melt spun ribbon (alloy No. 1),
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Table 1. Chemical compositions and transformation temperatures of the melt spun ribbons

Chemical compositions, wt%

Transformation temperature, C

Alloy No. -
Cu Al Ni Zr B Mr As Af Ms Mf
Alloy 1 825 13.3 4.03 - - - 76.8 107.6 78.2 43.8
Alloy 2 821 13.2 3.89 0.37 - - 6.8 36.3 6.0 —234
Alloy 3 822 13.1 384 - 049 - 493 76.2 425 —89
Alloy 4 818 13.0 392 - - 0.87 325 44.6 174 —14
Alloy 5 82.7 12.2 3.88 - 0.1 0.39 140.6 159.7 142.7
Alloy 6 820 12.5 3.90 0.30 - 1.01 716 95 72.2
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Fig. 4. Variations of the microhardness with aging time
at each temperature in the melt spun ribbon (alloy
No. 1).
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Fig. 5. Variations of the microhardness with aging time
at 400°C in the melt spun ribbons.
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Table 2. Changes in the shape memory capacity with aging time in the melt spun ribbons

Ageing times(sec) at 400T

Alloy No. ; p p
RS 3.0x10 1.8 %107 3.6x10¢° 9.0x10° 1.89x10* 3.15x10*
Alloy 1 @) O @) X X
Alloy 2 O O Pay x X
Alloy 3 O (@] A x X
Alloy 4 O O O Q X
Alloy 5 O Q (@] O @) 9] X
Alloy 6 ®] O O O O O O

O: generation of shape memory capacity, A: transition stage, X: fracture when bending.
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Fig. 6. Changes in the XRD patterns with aging time at 400°C in the melt spun ribbons (from left: alloy No.
1, alloy No. 4, alloy No. 5, alloy No. 6). (a) as melt spun, (b) after aged for 300 sec, (c) after aged for 1800
sec, (d) after aged for 3600 sec, (e) after aged for 9000 sec, (f) after aged for 18900 sec, (g) after aged for

31500 sec.
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Fig. 7. TEM micrographs showing the microstructural changes with aging time at 400°C in the melt spun ribbons
(upper: alloy No. 1, middle: alloy No. 5, lower: alloy No. 6). (a) as melt spun, (b) after aged for 1800 sec,

(¢) after aged for 9000 sec, (d), () as melt spun, (e), (h) after aged for 31500 sec, (g) after aged for 15300
sec.
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Fig. 8. Changes in the transformation temperatures (upper) and in DSC curves at heating (lower) of the melt
spun and aged ribbons with times at 400°C (left: afloy No. 5, right: alloy No. 6).
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