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Abstract : Two Way Shape Memory Effect (TWSME) involves thermomechanical routines 
which produce some plastic deformation or complex dislocation arrays during the training 
procedure. The results of TWSME obtained by these thermomechanical training routines 
are not as good as would be expected because new dislocations are generated during 
thermal cycling. These dislocations may interact with those that provide TWSME to the 
alloy. The present authors have developed a completely new training method which 
involves the stabilisation of the stress induced martensite (SSIM). The present work has 
been carried out to improve knowledge of the mechanism of TWSME obtained by the 
SSIM training method. The results show that the new training method not only improves 
the values of TWSME but also gives improved stability to this TWSME. 

1. INTRODUCTION 

In the last three years, different training routines have been developed to give the Two 
Way Shape Memory Effect (TWSME) all of them based on the repetitivity of a 
thermomechanical training routine (1-3). These new methods attempt to improve the results of 
TWSME by conventional training routines which have been extensivelly used previously (4-7). 
Each of them is based on the generation of dislocations, during the training procedure, which 
remain in the material in the subsequent thermal cycles so providing TWSME. 

On the other hand, thermal cycling generates new dislocations which interact with those 
that provide TWSME, which means that there is a reduction in TWSME. 

Ni-Ti alloys are trained in a completelly different way when compared with the method! 
used foracopper based alloys (8-10). Ni-Ti alloys are trained by constrained ageing between 300 
and 500 C for 1 hour. This kind of training process provides not only TWSME but also All- 
Round Shape Memory Effect (ARSME). 

Complex Ni-rich precipitates are formed during ageing these alloys (11) (12). These 
precipitates produce internal stress fields which control the growth of the martensite variants 
providing TWSME or ARSME. However, Liu and McCormick (13) and Todoroki et al. (14) have 
found that the presence of the R phase during the martensitic transformation in Ni-Ti alloys leads 
to a lower TWSME. 

A training process based on the stabilisation of the stress induced martensite (SSIM) has 
also been developed, in recent years, for Cu-based alloys (15-20). The aim of the present work 
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is to improve our knowledge of the mechanism of TWSME obtained by SSIM in a polycrystalline 
Cu-Zn-Al-Co alloy. 

2. EXPERIMENTAL METHOD 

Two Cu based alloys have been prepared by melting hig? purity metals in a vacuum sealed 
quartz tube. The ingot was subsequently homogeneised at 850 C for 12 hours and hot rolled into 
0.5 mm thick plates. Alloy compositions in wt % together with the M, temperature are shown in 
Table I. 

Table I. Alloy compositions and M, temperatures. 

Several samples 70 mm long x 5 mm wide x 0.5 mm thick were cut from the sheets and 
trained by SSIM method, previously described (18-20). Samples taken from alloy 1 have been 
trained at different temperatures between 50 and 2 4 0 ~ ~  with an interval 2f 1o0c. Samples taken 
from alloy 2 have been trained from 30 to 1 7 0 ~ ~  with an interval of 20 C. 

Samples which were untrained and trained by treatments at 100,150 and 200°~ ,  for alloy 
1, and by treatments at 130 and 170°c, for alloy 2, have been examined by optical and TEM- 
STEM. For the TEM examination, discs 3 mm in diameter have been prepared by cool ion beam 
at 4 kV with an initial tilt of 10- and a final tilt of 5°. A TEM-STEM Hitachi H-800-MT 
equipped with and EDS X Ray microanalysis system have been used (200 kV). 

ALLOY 

1 

2 

3. RESULTS AND DISCUSSION 

Both alloys contain three kinds of Co-rich precipitates before training, as has been 
previously described (21). The original B phase of alloy 2 before training is shown in Figure 1. 
Small amount of martensite can be seen near the grain boundaries. This martensite has appeared 
as a consequence of the nucleation effect that grain boundaries have, in locally raising the M, 
above room temperature. 

Once the samples are trained, eg. T,,, = 150nc, they exhibit a large amount of stabilised 
stress induced martensite, see Figure 2, and subsequently show TWSME. Thus, TWSME could 
be related with the presence and the amount of the SSIM obtained during training (18) (22). 

Similar results have been obtained for alloy 1. But it is not possible to distinguish between 
the initial martensite and SSIM because the alloy is almost fully martensitic before training. 
However, samples trained have fewer martensite variants than the untrained ones, meaning that 
the thermal martensite, which appeared on cooling, has nucleated and grown under the influence 
of the SSIM. 

The structure of alloy 1 trained at 1 0 0 ' ~  for 30 minutes is shown in Figure 3. A large 
quantity of y p!ecipitates are seen having an average size of 10 - 15 nm. Other samples trained 
at 150 and 200 C also have y precipitates with a size of 15 - 25 nm and 20 - 30 nm, respectively. 
Trained samples of the alloy 2 also exhibit y precipitates, Figure 4, with a size of 15 - 20 nm in 
the case of the sample trained at 1 7 0 ~ ~  for 30 minutes. 

A particular characteristic is that, in all cases, these y precipitates contain cobalt in their 
composition (21). 
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Coherency strain fields were observed after treatment at temperatures up to 170°c, Figure 
5, but after treatment at 2 0 0 ' ~  the coherency strain fields were absent. 

The matrix is supersaturated with respect to cobalt since the alloy is quenched from 8 5 0 ~ ~  
prior to the training treatment During the training procedure, the matrix rejects the excess Co 
in the form of small coherent precipitates. 

Hence, the y precipitates, which also form during training, nucleate heterogeneoulsy on 
the coherent Co precipitates, although they can also nucleate homogeneously. The first type of 
nucleation is energetically favoured, thus, most y precipitates are heterogeneously nucleated and 
show a central Co rich core. 

The process of y precipitation on coherent cobalt precipijates is accelerated by increasing 
the training temperature. Thus, with the sample trained at 200 C, y has precipitated on almost 
all the Co particles so that coherency strain fields are no longer visible (21). 

De Graef et al. (23) have found small y precipitates at the martensite plate boundaries 
after ageing a cobalt free Cu-Zn-A1 alloy at 1 0 0 ~ ~  for 3 days. The difference in time for 
precipitation may be attributed to the fact that the Co precipitating from the supersaturated 
matrix the matrix accelerates the precipitation of y by heterogeneous nucleation. 

The % of TWSME is directly related to the amount of SSIM as can be seen from Figure 
2 and Table I1 (18). The presence of the stabilised stress induced martensite allows the nucleation 
and growth of particular martensite variants so providing TWSME. 

Table 11. % of TWSME for the different training temperatures ('c) during cycling (N) for 
alloy 2. 

The precipitation of y plays an important role because it stabilises the stress induced 
martensite by local depletion of A1 and Zn from the matrix so raising the M, temperature. At the 
same time, the precipitates make it difficult for the martensite to retransform. Thus the M, is 
raised by mechanical impingement. 

4. CONCLUSIONS 

1.- The stabilised stress induced martensite provides the two way shape memory effect by 
promotion of particular martensite variants. 

2.- The stabilised stress induced martensite can be obtained by y precipitation during the 
training procedure. This precipitation is aided by the presence of Co precipitates formed from 
the supersaturated matrix. 

3.- The y precipitates deplete the matrix of A1 and Zn locally raising the martensitic 
transformation temperature. They also have an impingement effect which mechanically increases 
the q. 
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Figure l.Origina1 R structure of the alloy 2. Figure 2. Structure of the sample aged at 
1 5 0 ~ ~  (alloy 2) with the presence of SSIM. 

Figure 3. Gamma precipitates present in the Figure 4. Gamma precipitates found in the 
trained alloy 1. trained alloy 2. 

Figure 5. Coherency strain fields formed during the training of alloy 2. 
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