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When some alloys, called shape memory alloys (SMASs), are exposed to different physical external factors such as
heat, pressure, magnetic field or their different combinations, they can give different behavioral responses and can
be forced into microstructural changes called martensitic phase transformations in which only their crystal structures
change, while the neighborhoods of the atoms remain constant. Due to their controllable macroscopic shape change
abilities which arise from those transformations, both commercial uses and further explorative investigations of
these alloys are continuing without slowing down. In this work, a Cu-Al-Ni shape memory alloy with a new chemical
composition was fabricated by arc melting method. In order to dig up its prospective characteristic shape memory
effect (SME) property, the alloy was investigated by thermal and structural analysis measurements. The differential
thermal analysis measurements of the sample were made at different heating/cooling rates. The diffraction planes
of the martensite structures in the alloy sample were determined by XRD at room temperature. The XRD results
supported with optical micrograph observations. In conclusion, this chemically new composed CuANi alloy may be
useful in various thermomechanical SMA applications.
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1. Introduction basic groups. These are Cu-Zn, Cu-Al and Cu-Sn as shown in
the Fig.1. These binary alloys are often doped with one or
more elemental additive contents for bringing in them phase
stability, more ductility (by grain refinement), higher or lower
transformation temperatures ranges or some other demanded
special properties.

At high temperatures and by about 12%wt Al
content, a bcc lattice structure of B phase will occur in all Cu-
rich matrix as shown in Fig.2. By a slow cooling down, this 8
phase separates into the phases of y2 and a phase (fcc) at
around 838 K by eutectoid separation. If the alloy is cooled
rapidly from the B phase region, the eutectoid decomposition
is inhibited and the martensite transformation occurs at
temperatures below the Ms temperature. When the
concentration of Al is higher than 11%wt, the irregular 3
phase is converted into the regular f1 phase (DO3(L21) type
superlattice structure) [5, 6].

If shape memory alloys are deformed when they are
in martensite (M) phase (at low temperature phase), they can
regain their first original predeformed shapes by heating up
or some other physical effects. Generally, these alloys can be
plastically deformed at low temperature and return to pre-
deformed shapes at high temperatures. What causes this recall
is a non-diffusive reversible transformation [1, 2]. With
external forces they change into martensite phase or when
they heated up they can convert into austenite (A) phase.
These phases convertable to one another are characterized by
their austenite start (As), austenite finish (Ar), martensite start
(Ms) and martensite finish (Ms) temperatures and the values
of these temperatures have a relationship between each other
as Ms < M; < As < At [3]. From starting at M temperature the
martensitic  transformation  occurs continuously and
increasingly as the temperature decreases, then it will be all
completed at M and thus such a thermoelastic martensitic
transformation takes place [4].

Among the shape memory alloys, copper-based ones
are preferred due to their low costs and easy production
process. Binary Cu-based SMAs are mostly classified in three
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Fig.1: Cu-based shape memory alloys. Y(g) elements can be Ti,
Co, Zr, Mn, V, Ce and B elements and are used for grain
refinement [7, 8].
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Fig.2: Binary phase diagram of CuAl alloy [9].

The main goal of this study was to examine the
existence of shape memory effect property in newly
composed Cu-Al based shape memory alloy. For this, the
characterization processes were carried out by thermal and
structural measurements and analyses.

2. Experimental details

High purity elements of copper, aluminum and
nickel (99.9%) powders were used to produce the ternary Cu—
based polycrystalline shape memory alloy. After making
pelletization under pressure, the alloy was fabricated by
Edmund Buehler Arc Melter. The alloy was obtained as cast
ingot and the minuscule specimens were cut from this ingot
then these were solution-treated in B- phase region and
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without delay quenched into iced-brine water to make the
formation of B1° martensite phase in them. The chemical
composition of the fabricated alloy was determined by Bruker
Model energy dispersive X-Ray anaysis and was given in
Table 1. The characteristic thermoelastic martensitic
transformation data were obtained by differential thermal
analysis (DTA) measurements with the running temperature
rates of 5, 15, 25 and 35 °C/min. X-Ray measurements (with
CuKa radiation) were performed by a Rigaku RadB-DMAX
Il diffractomer at room temperature to determine the lattice
diffraction planes of the alloy. The optical metallography
observations were also made at room temperature to detect
the martensite formations on the surface of the alloy sample.

Table 1: Chemical composition of CuAINi alloy.

Elements Chemical Composition

(at %)
Cu 69.65
Al 25.64
Ni 471

3. Results and discussion:

The DTA heating and cooling loop curves of the
CuAlNi alloy can be seen seen in Fig.3. The characteristic
transformation temperatures and enthalpy values of the alloy
were determined by peak analyses of these curves. These
thermal measurements were taken from room temperature to
950 °C with different heating/cooling (h/c) rates of 5, 15, 25
and 35 °C/min. By using the data obtained from DTA, the
values of transformation hysteresis (As-Mys) and some
thermodynamic parameters were calculated for each
heating/cooling rate and were given in Table 2. Among these
thermodynamic parameters, the equilibrium temperature (To)
was calculated by using the following equation [10] below;

1
T0=§(MS+Af) (1)

Another thermodynamic parameter is lattice vibrational
entropy change throughout martensitic transformation and it
was calculated (for M to A phase transition) by the formula
[11] following as;

ASy_a=A Hya/Tg @

As the heating/cooling rate changed, the
transformation temperatures were changed slightly, as seenin
Table 2 and Fig.3. On the left side of heating parts of the
cycles, the first downward endothermic peaks (called
austenite peaks) belong to the forward M— A transformation
(at ~400-450 °C) where 1 converts to f1(L21) phase. On the
right side of these peaks there exist small endothermic peaks
of B1— B2 (metastable) and these are followed cheek by jowl
by the bigger exothermic peaks of f2—a+y2
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separations which are able to seen more clearly on the curves
of 25 and 35 °C/min heating rates. Then these a and y2 phases
disslolute and convert to a stable ordered 2 phase that can be
understood from the downward eutectoid dissolution peaks at
around 620 °C. All this multi-stage
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understood that these two parameters are directly
proportional and the drawn graphs became compatible with
this equation [16].

Table 2: Transformation temperatures and kinetic parameters of the CuAINi sample at different heating/cooling rates.

Rate As As Amax To AHm-A ASMm—a Ms Mt As-Mg Ar-Ms
(°C/min) (°C) (°C) (°C) (°C) (J/9) (J/g°C) (°C) (°C) (°C) (°C)
5 402,44 426,34 408,82 342,75 0,49 0,0014 258,61 230,14 172,30 167,73
15 402,44 425,49 408,82 344,62 0,51 0,0015 263,75 240,14 162,30 161,74
25 402,12 457,84 423,58 358,46 8,13 0,0226 259,08 236,18 165,94 198,76
35 402,34 453,40 429,47 354,60 5,45 0,0153 255,81 234,41 167,93 197,59
.
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Fig.3: DTA curves of the sample obtained at different
heating/cooling rates (5, 15,25 and 35 °C / min).

transitions process reversed back on the cooling parts of the
curves. The cooling down phase transitions in Cu-based
shape memory alloys usually take place in three stages;
A2—B2—DOs(or L2;)—p1’(9R, 18R or 18R+2H). The
reverse A—M phase transition peaks (martensite peaks)
positioned at about 250-270°C.

In this study, the characteristic martensitic
transformation temperature of Cu-25.64Al-4.71Ni (at%)
alloy sample was detected as 259.08 °C and this value is
higher than that of some previously reported CuAINi alloys
[12-14]. The reason for this is that the martensitic
transformation temperature decreases by increasing the
content of Al element in Cu-based alloys [15], using a higher
Cu and lower content of Al here led to an increase in the
transformation temperature.

Fig.4 shows the entropy and enthalpy changes versus
heating/cooling rate and their graphics both remained parallel
and close to each other all the while. They stayed unvaried
between 5 and 15 °C/min of heating/cooling rates.

But at between 15-35 °C/min of heating rates they both at first
increased and then decreased. According to Eq.2, it is easily
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Fig.4: The enthalpy and entropy change plots of CuAINi alloy
versus heating/cooling rate.
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Fig.5: Variation of transformation hysteresis switches by
heating/cooling rate.

The reversible transformations exhibit a
thermoelastic  property determined by  hysteresis
temperature range. By increase of heating/cooling rate
according to the Fig.5, it is also possible to say that the As-
M; temperature range values are increased [17].
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Optical microscopy was used to analyze the
structural surface morphology of the sample and the obtained
micrographs are presented in Fig.6. Since the surface images
of the alloy sample were taken at room temperature, the alloy
should be in martensite phase, therefore these micro-optical
images displayed martensite forms on the surface of the
sample. It was determined that these morphological structure
forms belong to V and needle type of B1°(B3’) phase and
some y1°(y3’) plates of martensite forms [18].

(b)

Fig.6: Two diffrent optical micrograph shots on the morphological
surface of the CuAINi sample at room temperature.
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Fig.7: X-Ray diffraction peaks and correspondent martensite
planes of the CuAlINi alloy.

The crystallographic structural analysis of the alloy
sample was made by X-Ray diffraction technique at room
temperature and Fig.7 shows the X-Ray diffraction pattern of
the available phases which diffracted the incident x-rays.
From the pattern it is understood that the alloy has a
monoclinic crystal structure. The highest peak of (0022)
plane and the other characteristic (202), (128), (1210), (320)
and (042) planes are all belong to p1° phase martensite forms
and are similar to the previous reports [19-23]. X-Ray
analysis results provided consistency with thermal analysis
and optical micrography results.

Conclusions

Micro-structural  aspects and thermodynamic
parameters of Cu-25.64Al-4.71Ni at% shape memory alloy
were brought to light. Main phase in the alloy sample was
observed to have monoclinical 18R martensite structure at
room temperature by X-ray diffraction method. This result
became consistent with the optical micrographs of the alloy
taken at room temperature. The DTA analysis revealed the
phase transition sequence of B2— B1(L21)—p1’(18R+2H)
under cooling process, which is common to CuAINi SMAs
and the characteristic martensitic transformation temperature
of the alloy sample was detected as 259.08 °C, thereby the
alloy was took in HTSMA class. The calculated entalphy and
entropy values (during the transition from martensite to
austenite) are generally increased with increasing
heating/cooling rate. All the results of this study indicated that
this new CuAlINi shape memory alloy composition system
may be useful in various high temperature applications in
which its appropriate shape memory effect and
thermomechanical properties are needed.
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