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Relationship between shape memory effect at low temperature and
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Abstract: The shape memory effect of Cu-Al-Mn alloy with shape memory effect at M, temperature of about 100 K was
investigated by a self-made. XRD, OM and SEM were used to the microstructure of this alloy. The results show that only
the peaks of f phase exist in the XRD patterns of Cu-Al-Mn alloy with good shape memory effect, and the alloy with
higher degree of order has better shape memory effect. The alloy would have no shape memory effect if there are a
number of « phases in it. Increase of Mn and Al content in the alloy will result in a decrease of M, temperature.
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Table 1 Chemical composition of Cu-Al-Mn alloys

Molar fraction/%

Sample
No. Cu Al Mn
1 67.0 27.0 6.0
2 67.0 27.5 5.5
3 69.0 26.0 5.0

+ — Alloy 1

* — Alloy 2
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Fig.1 Phases diagram of Cu-Al-Mn alloy at 800
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Table 2 Change of length and M; temperature for spring M, 100K 2" M;
samples 125K 3" M, 275K
- #
Alloy Sprmlg AC?angi /MK ﬁveragé Average 3 !
No. sample inlengt s change in MUK o Mn 0.5% 0.5%Al
No. mm length/mm o ", L 25K
1-1 0.94 88 s
3#
1-2 0.94 110
1 0.94 100.25
13 094 98 Mn Al
1-4 0.94 105
2-1 0.88 115
2.2
2-2 0.81 123
2 0.82 123.75 1 ( 3
2-3 0.76 137
2-4 0.81 120 125 K
3-1 0.76 264 125 K
3-2 0.71 283
3 0.49 275.50
33 0.51 275 4 Y .
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Fig.3 Curves of temperature—electrical resistance for Alloy 1 before quenching(a) and after quenching(b)
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Fig.4 Curves of temperature—electrical resistance for Alloy 2 before quenching(a) and after quenching(b)
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Fig.5 Curves of temperature—electrical resistance for Alloy 3: (a) Sample 3-1 before quenching; (b) Sample 3-1 after quenching;

(c) Sample 3-2 before quenching; (d) Sample 3-2 after quenching
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Fig.6 XRD patterns for Alloy 1 before quenching(a) and after
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quenching(b)
V2
3 X
a(Cu)
)2
24
10
1 2*
3
3
Cu Al
72(CugAly) Cu a(Cu)

00
441(9:4)
600(9:4)

20 40 60 80 100

8 3-1
Fig.8 XRD patterns for Sample 3-1 before quenching(a) and
after quenching(b)

20/(°)
9 32° XRD
Fig.9 XRD patterns for Sample 3-2 before quenching(a) and
after quenching(b)
3
X
3 3 EDS
Table 3 Composition of different positions in No.3 alloy by
EDS analysis
Molar fraction/%
Position
Cu Al Mn
Grain 80.8 14.8 4.4
Crystal boundary 82.9 14.7 2.4
Precipitate 75.4 22.44 2.2
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Fig.10 Metallagraphs of Cu-Al-Mn alloys: (a) Alloy 1 before quenching; (b) Alloy 1 after quenching; (c) Alloy 2 before quenching;

(d) Alloy 2 after quenching; (e) Alloy 3 before quenching; (f) Alloy 3 after quenching
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