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Abstract. The shape memory CuAINi alloys, having a composition near that of Cu3AI, exhibit disorder-order 
transition from the disordered bcc p-phase to the ordered pj-phase (D03 type) at high temperatures. Although the 
P,-phase is a non-equilibrium phase, it nonetheless remains stable at room temperature upon quenching from the 
high temperature P-phase. At the lower temperatures, the Pj-phase itself undergoes martensitic transformation and 
displays layered structure called M18R. The influence of ageing on two CuAINi p-phase alloys was studied by 
measuring the time dependence of hardness, lattice parameters and by-optical microscopy observation at room 
temperature. Hardness shows a trend to decrease with the ageing duration due to the formation of precipitation, 
and grain size is also affected by ageing. 

1. INTRODUCTION 

Shape memory behaviour is the ability of certain materials to recover the original shape on heating over the 
austenite start temperature. Although copper-based shape memory alloys are susceptible to low 
temperature ageing effects which can radically alter the transformation behaviour, CuAINi shape memory 
alloys are known to exhibit a better thermal stability than CuZnAl alloys and this characteristic makes them 
suitable to be used in applications above 373 K, which is the limit for the CuZnAl alloys [1,2,3]. These 
alloys are more stable at high temperatures than CuZnAl alloys, raising the upper temperature limit of 
operation for shape memory devices, and they are claimed to be less prone to martensite stabilization [4], 

As a high temperature shape memory material, CuAINi alloys have attracted widespread interest; 
effects of heat treatment on the transformation and mechanical behaviour [5,6,7]. For the optimization of 
shape memory alloys and improvement of hardness, Treppmann and Hornbogen have reported that 
different properties have to be connected such as optimization of functional qualities and structural 
properties [8]. 

Copper based alloys exhibit shape memory within a certain range of composition which have the 
disordered bcc structure, called P-phase, stable at high temperature and two successive ordering transitions 
during cooling. They are usually quenched to retain the [3-phase for further transformation to martensite 
[9,10]. Although the studies on shape memory CuAINi alloys remain insufficient, it has been found that 
properties of these alloys are superior to those of CuZnAl alloys from some viewpoints [2,11]. The 
working temperature of CuAINi alloys can be adjusted within a wider range, this indicates more thermal 
stabilization with increase of ageing duration, and possesses more stable memory character [3,9,12]. 

In the earlier studies, it was reported that the ageing time effectively plays an important role in the 
degree of reversion of the alloy shape [9,13]. Cu-based shape memory alloys are susceptible to low 
temperature ageing effects which can radically alter their transformation behavior. Ageing of the martensite 
reduces both the amount of shape recovery and extent of the reverse transformation. High martensite 
heating rates promote complete shape recovery and reverse transformation while the ageing occurring 
during slow heating can inhibit or prohibit both [1,14]. 

In the present study, the effect of ageing on lattice parameters and hardness in the martensite state of 
two CuAINi alloys have been investigated and metallographic observations have been performed using 
optical microscopy. 
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2. EXPERIMENTAL PROCEDURE 

Two shape memory CuAlNi alloys were supplied by TREFIMETAUX Centre' de Recherche (France). 
These alloys were labeled Alloy 1 and Alloy 2; Alloy 1 with a nominal composition of 85.18 wt %Cu, 
l lwt  %Al, 3.82 wt % Ni and Alloy 2 with a nominal composition by weight of 85.62 % Cu, 11 % Al, 
3.38 % Ni. All specimens obtained from these alloys were solution treated in, the P-phase equilibrium 
region (30 minutes at 930 OC for the Alloy 1 and 30 minutes at 920 OC for the Alloy 2) then quenched in 
iced brine to retain the P-phase and given the following post-quench heat treatments; 
Alloy 1: a) Ageing at room temperature directly after quench, 

b) Ageing at room temperature after intermediate anneal at 330 "C for 30 minutes. 
Alloy 2: a) Ageing at room temperature directly after quench and 

b) Ageing at room temperature after intermediate anneal at 280 OC for 30 minutes. 

a) XRD Measurements: Powder specimens of alloys were prepared and sealed in evacuated quartz 
capsules. X-ray powder diffractograms were taken from the as received and heat treated specimens at 
intervals during martensite ageing using filtered Cu-K, radiation at a scanning rate of 2OImin. 

b) Vickers Hardness: Specimens from both alloys were prepared, and Vickers hardness measurements 
were made. These meas~~rements were performed using an Ernst Leitz GMBH D-6330 Wetzlar hardness 
tester machine. The applied load was 200 g and the samples for each ageing time were tested with four 
indentations on each sample. 

c) Metallonraphic observ-: For optical microscopy, the specimens were polished using conventional 
procedures and etched in a solution composed of 50 g (FeC13-6H20) and 960 ml methanol in 200 ml HC1. 
These specimens were examined in a Reichert MeF2 optical microscope. 

3. RESULTS AND DISCUSSION 

Two shape memory CuAlNi alloys investigated in this study are hlly martensitic at room temperature, the 
A, temperature is 157 "C and 58 OC for Alloy 1 and Alloy 2, respectively [7,15]. Indexed x-ray 
difiactograms of both alloys in as-quenched and intermediate annealed cases show that these alloys have 
the modified orthorombic M18R structure in martensitic condition [7]. X-ray diffiactograms taken from 
the powder samples of Alloy 1 are shown in Figure 1 (a and b) in as-received and quenched cases, 
respectively. As seen from x-ray diffractogram in Figure la, Alloy 1 has the disordered crystal structure in 
the as-received case while the heat treated specimens exhibit superlattice reflections as shown in Figure lb. 
X-ray diffractograms of Alloy 2 are also similar. 

38 42 46 50 54 58 62 66 70 74 38 42 46 50 54 58 62 66 70 74 
h 2 2 E  ---, 2 8 

- a -  - b -  

Figure 1: X-ray powder diffractograrns taken from the as-received (a) and as-quenched (b) specimens of Alloy 1. 



X-ray diffractograms of the quenched samples of the alloys have been indexed on the basis of 
modified orthorombic MI8R unit cell, and lattice parameters of the alloys were calculated by the following 
relation: 

and the variations of a/b ratios with ageing time at room temperature have been plotted in Figure 2 for 
both alloys &er quenching and step annealing; is 89.67" and 89.36" for Alloy 1 and Alloy 2, 
respectively. The martensitic phase in copper based P-phase alloys is based on one of the (1 10Ip basal 
planes. In the case where the constituent atoms are randomly distributed in the basal plane, the ratio a/b of 

the lattice parameters should be equal to &I2 while the value of this ratio is less than JS/2 in the ordered 
case due to the atomic sizes of the constituent atoms for 18R martensite [9,16,17]. As seen from Figure 2 

(a and b), a/b ratio is smaller than &/2 for both alloys in as-quenched and step annealed cases and both of 
the alloys have an ordered state inherited from the ordered parent phase existing prior to the 
transformation. The ratio of a/b changes during the early stages of ageing and reaches almost constant 
values. This result indicates that the martensite is progressively stabilized. The stabilization of the 
martensite is aided by the quenched in vacancies and this also requires that a structural change occurs 
during the ageing in the martensitic condition and this gives rise to a change in the configurational order. 
Although martensitic transformations have a diffisionless character, the stabilization process requires the 
difliision during the ageing in the martensitic condition. 

The variation of Vickers hardness with holding duration at room temperature for quenched and step 
annealed samples of Alloy 1 is shown in Figure 3 (a and b). The hardness shows a trend to decrease with 
holding time in the quenched case while no significant change is observed for the step annealed sample. In 
the as-quenched case Vickers hardness was measured in a range between 321 Hv and 386 Hv, this range is 
between 28 1 Hv and 300 Hv for as-received alloy samples [15]. The variation of Vickers hardness for both 
of the heat treated samples of Alloy 2 as Alloy 1 is shown in Figure 4 (a and b). These changes also show 
similar behaviour with those of Alloy 1. In the as-received case, Vickers hardness was measured in a range 
between 230 H, and 248 Hv , this range is between 301 Hv and 396 H, in as-quenched case [15]. One can 
say from this result that Vickers hardness gradually decreases with ageing time after quenching and almost 
the remains constant in the step annealed case for both of the alloys. These results are in good agreement 
with the results reported earlier [3,18,19]. 

Optical micrographs taken from the samples of both alloys in the as-received case without heat 
treating are shown in Figure 5 (a and b). As seen from these figures, the micrograph of Alloy 1 includes 
grains and martensite plates while that of Alloy 2 does not include any martensite plate and in contrast it 
includes intensive precipitates. Optical micrographs taken from the as-quenched sample of Alloy 1 are 
shown in Figure 6a. As seen from this figure, grains appear clearly and martensite plates have the different 
orientations in different grains. Martensites are formed in a V-shape in some grains while occumng needle- 
like in others. It is also observed that grains grow with ageing time. Figure 6b also shows the optical 
micrograph of the same sample &er about 150 hours ageing. Grains in the aged case are quite big 
compared to those of in as-quenched case. Both x-ray diaactograms and optical micrographs taken from 
the as-received samples reveal that the alloys have the disordered structure in the as-received case. They 
become ordered on solution treating and undergo martensitic transformation on quenching. 

Optical micrographs of the samples of Alloy 2 are seen from Figure 7 (a and b) in as-quenched and 
aged cases, and they also exhibit similar behaviour. The grains of Alloy 2 are very big compared with those 
of Alloy 1 samples. As seen fiom the optical micrographs, self accommodated martensite plate groups 
form in the as-quenched case and grains grow with annealing duration in both of the alloys. These results 
are in agreement with the observations made by other workers 120-221. 
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Figure 2: The variation of a h  values of a) Alloy 1 and b) Alloy 2 samples against the ageing time at room temperature 
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Figure 3: The variation of Vickers hardness with the holding duration at room temperature for a) quenched and b) step 
annealed ( at 330 OC for 30 mins) samples of Alloy 1 
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Figure 4: The variation of Vickers hardness for Alloy 2 with the holding time at room temperature a) ageing at R.T. after 
quenching b) ageing at R.T. after annealing at 330 OC for 30 mins. 



Figure 5: Optical micrographs of etched samples of a) Alloy 1 e mnd b) Alloy 2, in as-received case. 

Figure 6: Typical martensite structures and grains obtained fi' 
hours at room temperature. 

Figure 7: Examples of martensite structures and grains in Alloy 
at R.T. 
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2; a) in as-quenched case and b) after annealing for 14 hours 
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4. CONCLUSIONS 

It can be concluded from the above results that ah ratios of both alloys do not change with ageing duration 
and alloys remain ordered. The increases in hardness reveal that any precipitation does not occur during 
ageing and martensites form as a rule exhibiting self-accommodated morphology. Hardness remains stable 
in the step annealed case and step annealing improves the hardness. 
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