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The Cu—-Al-Mn shape memory alloys having various chemical compositions were prepared by arc melting

method to control the phase transformation parameters.

The phase transformation parameters and structural

properties of the alloys were investigated by differential scanning calorimetry and optic microscopy, respectively.
The effects of the chemical composition on characteristic transformation temperatures, enthalpy and entropy values
of Cu—Al-Mnu ternary system were investigated. The characteristic transformation temperatures of austenite and
martensite phase (As, Af, Ms, and M) are increased with change in the chemical composition of the alloys.
The average crystallite size for the alloys was calculated to determine the effect of aluminum and manganese
compositions on the transformation temperatures. The change in transformation temperatures indicates the same
trend with change in crystallite size. The obtained results suggest that the phase transformation parameters of
the Cu-Al-Mn alloys can be controlled by Al and Mn contents.

DOLI: 10.12693/APhysPolA.125.1163
PACS: 62.20.fg, 65.40.-b

1. Introduction

The behavior of advanced materials such as shape
memory alloys (SMAs) is significant under various ther-
mal and mechanical conditions due to the thermoelas-
tic martensitic transformation, which occurs in most of
these materials. Thermoelastic martensitic transforma-
tion is first-order solid—solid phase transformation and is
explained by the collective motion of atoms [1, 2]. Dur-
ing the transformation, temperature hysteresis (A¢—Mj)
proceeds from the absorption of the internal energy de-
scribed by three mechanisms: (i) dissipation of energy
due to internal friction, (ii) storage of energy, (iii) heat
transfers due to the latent heat of phase change [3-6].
The technical importance of SMAs is based on the prop-
erties such as high damping capacity, pseudoelasticity
(PE) and shape memory effect (SME). In Cu-based
SMAs, unique thermomechanical properties derive from
the thermoelastic martensitic transformation and depend
on crystal structures of the phases involved in trans-
formation process. Cu-based SMAs exhibit a marten-
sitic transformation on cooling and austenite transforma-
tion on heating and during cooling process, close-packed
structures are characterized by long period stocking order
such as 6R, 18R, and 2H type structures [7-10].

To our knowledge, there is not any study on effects
of chemical composition on shape memory parameters
of CuAlMn with higher manganese and lower aluminum
content. Thus, our aim is to investigate the change
in phase transformation temperatures, thermodynamic
parameters and microstructure properties of CuAlMn
alloys.
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2. Experimental

Cu—Al-Mn shape memory polycrystalline alloys with
nominal compositions given in Table I were produced
by arc melting. The specimens were solution-treated at
1123 K for 1 h and quenched in iced-brine water. The
characteristic transformation behaviors and kinetic pa-
rameters were determined by Shimadzu DSC-60A differ-
ential scanning calorimetry. The chemical compositions
of the alloys were determined by LEO evo 40 Model
energy dispersive X-ray (EDX). The phases present in
the polycrystalline samples were determined by Rigaku
RadB-DMAX II diffractometer with Cu K, radiation at
room temperature. The microstructure and morphology
of martensites formed in samples were observed using
Nikon MA200 model optical metallographic microscope.

TABLE I
Chemical compositions of the alloys.

Chemical compositions [at.%)]

Alloy ID Cu Al N
CAM1 70.38 26.56 3.06
CAM2 67.45 27.96 4.60
CAM3 72.50 24.70 2.81
CAM4 74.15 20.28 5.57

3. Results and discussion

3.1. Structural properties of the Cu—Al-Mn alloys

X-ray diffraction patterns of the alloys are shown in
Fig. 1. The main diffraction peaks of martensite phase
observed in samples were found to be (122), (0022), (128),
(1210) and (042).

The X-ray results indicate that the prepared alloys are
polycrystalline. The polycrystalline Cu—Al-Mn alloys
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Fig. 1. X-ray diffraction patterns of the CAMI,

CAM2, CAM3, and CAM4 samples.

with different compositions, after solution and quench-
ing treatment, experience the thermoelastic martensite
transformation, (L2;) — (18R). The martensite re-
orientation under external force causes a thermoelastic
martensite transformation and in turn, the alloys exhibit
the shape memory effect. The microstructure of the al-
loys was analyzed by optical microscopy observations and
optic images of the alloys are given in Fig. 2. As seen in
Fig. 2, the martensite variants, grains, and grain bound-
aries occur in the structure of the each sample.

Fig. 2.

Optical micrographs of the CAM1, CAM2,
CAM3, and CAM4 samples.

The morphology of the alloys were changed with vari-
ation in aluminum and manganese contents. To analyze
the effects of crystallize size on transformation tempera-
tures of the alloys, we determined crystallite size (D) for
each sample by the Debye—Scherrer equation [11, 12].

0.9\
D=—"— 1
Byjgcosf’ (1)
where A is the wavelength of the X-ray (Cu K, radia-
tion), B is the peak full width at half maximum and 6 is
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the Bragg angle. The crystallite size for the alloys were
calculated by means of Eq. (1) and the crystallite size was
plotted as a function of transformation temperatures and
are given in Fig. 3.

As seen in Fig. 4, the phase transformation tempera-
tures (Ms, As) exhibits the similar trend with crystallite
size. This indicates that the crystallite size affects the
phase transformation temperatures.
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Fig. 3. Variation of transformation temperatures with
crystallite size.

3.2. Thermal properties of the Cu—Al-Mn alloys

We have analysed phase transformation behavior with
differential scanning calorimetry measurements. The
DSC measurements for heating and cooling were per-
formed with a heating/cooling rate of 25 K/min and ob-
tained DSC plots of the Cu—Al-Mn alloys were shown in
Fig. 4. The characteristic transformation temperatures
such as Ay, Af, My, and M; of the alloys were determined
from Fig. 4 and are given in Table II. As seen in Fig. 4,
DSC curves give the large exothermic and endothermic
peaks, which is in good correspondence with marten-
sitic and reverse transformations at around 340-470 K
for samples CAM1, CAM2, CAM3, and 720-820 K for
CAM4 sample. The transformation temperatures of the
studied alloys are higher than that of Cu—20.4A1-8.7Mn
(at.%) and Cu—25.3A1-4.1Mn (at.%) alloys [13]. Whereas
the temperatures of CAM1, CAM2, CAM3 shape mem-
ory alloys are lower than that of Cu-11.9A1-2.5Mn (wt%)
shape memory alloys produced by sintering-evaporation
process and the CAM4 alloy has the high transforma-
tion temperature [14]. These results indicate that the
transformation temperatures for austenite and marten-
site phase vary with the variation in aluminum and man-
ganese contents in the copper matrix. The change in
As—M, hysteresis is important to determine the shape
memory effect. Because whatever the hysteresis is nar-
row, shape memory effect is high [15]. On the basis of
this, the hysteresis value (As—M;) versus manganese con-
centration is shown in Fig. 5. As seen in Fig. 5, the
hysteresis value is changed with manganese content.
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Fig. 4. DSC curves of CAM1, CAM2, CAMS3, and
CAM4 samples with a heating/cooling rate of 25 K /min.
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Fig. 5. Variation of Mn content with M, temperature

and temperature hysteresis.

Figure 6 shows variation of Al content with M temper-
ature and temperature hysteresis. As seen in Fig. 6, with
increasing Al content up to 25 at.%, M, temperature de-
creases and then slight decrease was observed. A sudden
decrease in Mg temperature is due to decrease in crystal-
lite size. In addition to crystallite size, it is well known
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that the alloy composition is an important effect on the
change of M, temperature. Whereas, temperature hys-
teresis is increased with Al content and after 28 at.% Al
content, it decreases suddenly. These results suggest that
the transformation temperatures are changed with the
crystallite size and alloy composition. Enthalpy AH val-
ues of phase transformation were determined from DSC
curves using tangent method and are given in Table II.
As seen in Table II, the AH value is changed with al-
loy composition. The relation between transformation
energy and thermodynamic equilibrium temperature can
be written as [16]:

AI"IM—>A (2)

Ty

where AS is the entropy change, AH is the enthalpy
change, and Ty is the equilibrium temperature between
martensite and austenite phases calculated by the rela-
tion of Ty = (Af + M;)/2 [17]. The AS values were
determined by Eq. (2) and are given in Table II. The AS
values of the alloys were changed by alloy composition.
It is seen that the shape memory behavior of the alloys
depends on thermodynamic parameters.
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Fig. 6. Variation of Al content with M temperature

and temperature hysteresis.

TABLE II
Thermodynamic and kinetic parameters of CAM1, CAM2, CAM3, and CAM4 samples with a heating rate of 25 K/min.
Alloy ID A A M M (As—Ms) Ty AHpya ASy—a
(K] (K] (K] (K] (K] (K] [Tl [Jg™ K]
CAM1 388.93 414.36 355.66 347.55 33.27 385.01 7.86 0.020
CAM2 409.32 434.25 389.1 372.42 20.22 411.67 4.19 0.010
CAM3 438.76 465.78 425.82 411.85 12.94 445.8 6.83 0.015
CAM4 784.74 808.25 771.73 723.79 13.01 789.69 11.09 0.014
[
We have determined the kinetic parameters such as ac- d[In (qﬁ/Ti)] /d(1/T) = —E/R, (3)

tivation energy on the basis of DSC results. For this, we
used Kissinger method given by [18]:

where ¢ is the heating rate, T}, is the maximum temper-
ature of the DSC peak, R is the universal gas constant
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and FE is the activation energy. To calculate activation
energy of phase transformation, we plotted the curves of
In(¢/T2) vs. 1000/T shown in Fig. 7. The activation
energy values were determined from the slope of Fig. 7
and the activation energy values of the CAM1, CAM2,
CAM3, and CAM4 samples were found to be 108.156,
195.54, 181.87, and 305.24 kJ/mol, respectively. The ac-
tivation energy value for the alloys is increased with Al
and Mn contents. This indicates that Al and Mn contents
increase the phase transformation temperatures.
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Fig. 7. Activation energy curves of CAM1, CAM2,

CAM3, and CAM4 samples.

4. Conclusions

The Cu—Al-Mn shape memory alloys having various
chemical compositions were prepared by arc melting
method. The phase transformation temperatures, en-
thalpy, and entropy values of Cu—Al-Mn ternary system
were determined. It was found that the phase transfor-
mation temperatures of the alloys were changed by alloy
composition. The change in phase transformation tem-
perature was explained on the basis of crystallite size and
alloy composition. The obtained results suggest that the
phase transformation parameters of the Cu—Al-Mn alloys
can be controlled by crystallite size and metal contents
in matrix.
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