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Effect of Composition in Cu-Al-Mn Shape Memory Alloys on the Shape
Memory Properties and Cold Workability
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Abstract Cu-Al-Mn shape memory alloys of a variety of composition were characterized in terms of shape
memory properties and cold workability. Cold workability tested by cold rolling indicated that the alloys solution
treated in the o + B region have a higher ductility than those solution treated in the B region. Also it is known that
cold workability increased with the decrease in Al content in the  region. This seems to be resulted from the fact
that Mn addition causes to expand B region toward lower Al content and lower order-disorder transition tempera-
ture, consequently, B of excellent workability being frozen even at room temperature. Experimental results regard-
ing shape memory showed that the properties were better with a higher Al contents at a given Mn content, which
is closely related with martensitic transformation. It is also shown that super elasticity limit was enhanced with
decrease in the yield strength of alloys because a lower yield strength seems to initiates slip at the lower applied
stress.
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Table 1. Chemical Composition of Cu-Al-Mn Specimens

(Wt%)
Cu Al Mn
Sample 1 82.74 7.26 10.0
Sample 2 82.65 7.67 9.68
Sample 3 82.02 8.26 9.72
Sample 4 83.39 7.80 10.8
Sample 5 814 7.64 8.97
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Fig. 1. Schematic diagram of bending test for measuring
shape memory effect.
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Table 2. Cold-Workability of o + B and B Phase Specimen (%)
AF Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Cold-Workability o+ B 90 90 90 90 90
Cold-Workability B 90 66 33 66 66
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Fig. 2. Vertical section of 10at% Mn in Cu-Al-Mn
system with Phase of Cu-Al binary system indicated by
broken line.
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Fig. 3. Microstructure of Cu-Al-Mn SMA (a) B Phase,
(b) o + B Phase.
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Table 3. Hardness of o and 3 phase

Phase Vickers Hardness (Hv)
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Table 4. Shape Memory Effect (SME) of Cu-Al-Mn SMA

(%)
Sample Number SME
Sample 1 100
Sample 2 100
Sample 3 0
Sample 4 0
Sample 5 90
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Fig 5. XRD pattern of Cu-Al-Mn Shape Memory Alloys.

Fig. 4. Microstructure of Cu-Al-Mn Shape Memory Alloys. (a) Sample 1, (b) Sample 2, (c) Sample 3, (d) Sample 4, ()

Sample 5.
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Table 5. Crystal Structure of Martensite Phases
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Fig. 6. Cyclic Stress-Strain Curve of Cu-Al-Mn SMA. (a) Sample 1, (b) Sample 2, (c) Sample 5.
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Fig. 7. PE Strain Curve of Cu-Al-Mn SMA.

21 & 4 1L, Sample 29] B9 ZeHy A}
353 UehIA @ RS & 4 Ak E Fig

EAIEH Sample 13} Sample 52
He SFAS W HTHe= of
PE Straing 7} whHol| Sample 2
ot 1% F=9] PE StrainS RHoIFa Q)
Sk zfo]7} WASh= olfie ZF Al s
wjFo 2 AZHETE PEAET} L=
o &3 WFo] Yoot
| ARRE Aol dtiF o= mEte A oy
it} webA Sample 2= Sample 19] E74%0l
1/3, Sample 39| FEAFE 1/49] 2 FJEATE
7HAL 02 &Y WHyo] Bk A dojuk %=
e B3} oE Aol HIg)] AdiF o= AxaA

g

DN

ﬂ

o N
o
o

pet
°
i)

S o
flo 1
NS

m
¢

N

Ue o= Azt

4.2 B

& AelME W2t 743l 573 Cu-Al-MnAl
71985 240 wE Witk s, 34719
T, 2R Bl Fsie] vl B8 A o
2o RS A9

1. 9urgo g ARREE pAdlMe Wit aEs
Cu-Al 2941914 Mne| H7Foll 28] A Order-
Disorder Transition <=7} Srolx]|al FyiA] Ealo]
AA|=]o] F2ollM 7HEdo] gk ol FAIE]
ol W7ol PdEE Blo= w HUnt
8] B SO ERE ¥ o Hok a+p I
AollA FEE v W =T B $siSi=t
ol o AATE P Hoh o] 7] WliEeR
237Vt

2. @798} eRP] 93 vl2RIRO|E X
Zlo] Aol A 2R IR prdoll A EAElst At
o MlEERIO|EZE AE RS SRISIAL ozt
vl2RIARIEZL A BTG d7Y9s

o] $53E St



64

References

. U. S. Mallik and V. Sampath : Journal of Alloys and
Compounds, 459 (2008) 142-147.

. R. Kainuma, S. Takahashi and K. Ishida
Metallurgical and Materials Transactions, 27 (1996)
2187-2195.

. Feng Chen, Bing Tian, Yuxiang Tong and Yufeng
Zheng : International Journal of Modern Physics B,
23 (2009) 1931-1936.

. Y. Sutou, T. Omori, R. Kainuma and K. Ishida :
Materials Science and Technology, 24 (2008) 896-
901.

. R. Kainuma, N. Satoh, X. J. Liu, I. Ohnuma and K.
Ishida : Journal of Alloys and Compounds, 266

=
3

10.

kiy

(1998) 191-200.

. Y. Sutou, T. Omori, R. Kainuma and K. Ishida, N.

Koeda, Materials Transactions, 48(11) (2007) 2914-
2918.

. T. Omori, Y. Sutou, T. Okamoto, R. Kainuma and K.

Ishida : Transactions of Materials Research Society
of Japan, 26 (2001) 227-230.

. M. Reza Rezvani and A. Shokuhfar : Materials
Science and Engineering: A, 532 (2012) 282-286.
. Y. Sutou, R. Kainuma and K. Ishida : Materials

Science and Engineering: A, 273-275 (1999) 375-
379.

Y. Sutou, T. Omori, J. J. Wang, R. Kainuma and K.
Ishida : Materials Science and Engineering, 378
(2004) 278-282.





