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In this presented study, a ternary Cu-Al-Mn shape memory alloy was produced by arc melting with the new 
composition of Cu-23.08Al-0.5Mn (at%). The structural and thermal properties of the alloy were investigated after 
homogenization. The characteristic martensitic transformation temperatures of the alloy were determined by 
differential scanning calorimetry (DSC) measurement and the thermodynamic parameters were calculated. The 
differential thermal analysis (DTA) measurement was also made to see the phase transitions at high temperatures 
above martensitic temperature region of the alloy. Both at room temperature; the optical metallography shootings 
on the morphological surface of the alloy and the X-ray measurement for detecting the alloy’s structural diffraction 
planes were made and their results showed the martensite formations of dominat M18R with very minor 2H in the 
alloy. All of adduced evidence manifested that this newly composed Cu-Al-Mn alloy possesses shape memory 
property by its martensitic phase transformation at over 100 °C, as being an HTSMA (high temperature SMA). 
Thereby, this new nominally composed CuAlMn alloy may be useful for the thermomechanical applications 
operating at this high temperature range. 
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1. Introduction 

In smart materials family, shape memory alloys 

(SMAs) are known as the alloys with the ability to revert back 

to their first predeformed shape and size via a proper thermal 

procedure [1]. These alloys are sensitive to thermal changes 

or other exogenous affectional drivers like magnetic field and 

stress and can have two different crystal structures above and 

below the conversion temperatures which  are the 

characteristic start and finish temperatures of martensite and 

austenite phases; Mf, Ms, As and Af, from the lowest to the 

highest, respectively. 

Among SMAs, the most commonly used SMAs are 

NiTi and copper (Cu) based alloys, but when compared with 

NiTi ones Cu-based alloys are relatively cheaper and have 

easier production process and some apart advantages. For 

example Cu-rich CuAlMn alloys, these alloys have high 

strength and fabulous damping capacity properties stem from 

their martensitic phase transformations [2, 3] and also can 

develop more ductility by their low degree ordered parent 

β1(L21) phase due to embodying in the alloy with a low Al 

concentration (˂%18 at%) and minor amounts of Mn addition 

for grain refinement, phase stabilization and to decrease and 

surpass aluminum’s brittleness effect on the matrix of Cu-rich 

alloy [4, 7]. Nevertheless, CuAlMn alloys have propensity for 

stress induced cracks due to the formation of voids during 

rapid cooling. 

In CuAlMn SMAs, the disordered metastable β-

phase becomes ordered and stable at high temperatures (after 

eutectoid temperature region) and these alloys show a 

sequence of multistep phase transitions cascading down as; 

disordered β(A2) → ordered β2(B2) → eutectoid 

decomposition (α+γ2) → eutectoid recomposition → 

disordered β2(B2) → ordered β3(L21) austenite → 

monoclinic β3' (M18R) or β3''(β3' plus with γ3'(2H)) 

martensite during a cooling process and a shape memory 

effect (SME) occurs above 16 at% Al content [5-7]. Here, the 

β3 of Heusler (L21) phase is a superlattice type of ordered 

β1(DO3) superlattice phase, similarly the β3' and γ3' phases 
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seen in Heusler alloys are the types of β1' and γ1' martensite 

forms. 

If aluminum content is high or electron 

concentration (e/a) value of the alloy becomes higher than 

1.45 then the minor γ1'(γ3') martensite forms also come 

explicitly into existence as interwoven with β1'(β3') and for 

bigger than 1.49 then at this time the γ1' forms attain high 

dominancy over β1' [6, 8]. 

In this presented study, a ternary CuAlMn shape 

memory alloy with its new Cu-23.08Al-0.5Mn (at%) was 

produced and characterization measurements and analyses 

were made to obtain the thermal and structural aspects of the 

alloy sample to know whether it has a shape memory property 

whereby a martensitic transformation or not. 

2. Experimental details 

In order to fabricate the CuAlMn alloy according to 

its chemically new Cu-23.08Al-0.5Mn (at%) composition 

data obtained by EDX analysis, the high purity (%99.99) of 

Cu, Al and Mn powders were mixed in a magnetic stirrer for 

3 minutes at first, then pelletized under the pressure of 1 ton 

and this pellet was melted under argon atmosphere by using 

an Edmund Buehler arc melter to obtain as cast ingot, then 

this ingot was cut into small pieces and heat-treated at 900 °C 

and immediately quenched in iced-brine water, sequentially. 

To search whether the alloy possessed shape 

memory properties or not the differential thermal analysis 

(DSC and DTA) measurements were carried out to determine 

the characteristic martensitic transformation temperatures 

and kinetic parameters of the alloy by using a Shimadzu TA-

60 WS. The structural XRD (by using a Rigaku RadB-DMAX 

II diffractometer with CuKα radiation) and optical 

microscopy measurements were made both at room 

conditions to detect the X-ray diffraction planes and 

morphological surface aspects of the alloy sample, 

respectively. 

 

3. Results and discussion: 
 

The curve as the result of differential scanning 

calorimetry (DSC) measurement performed at 15 °C/min of 

heating/cooling rate was given in Fig.1 and it shows the peaks 

of forward martensite to austenite phase (M→A) and its 

reverse A→M transitions of the alloy sample. On the left 

down heating part of this curve the downward endothermic 

peak at between 120-155 °C implied the forward transition 

from β1' martensite to β1(L21) austenite phase and inversly to 

this above there is a correspondent upward exothermic peak 

at between 85-130 °C indicated the reverse transition from A 

to M phase. 

Characteristic transformation temperatures and 

thermodynamic parameters of the alloy were given in Table 

1. The T0 equilibrium temperature, which is at between A and 

M phase where their Gibbs free energies of them are equal, 

was calculated from the formula [9] as below; 
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here, Af is austenite finish and Ms is martensite start 

temperatures. 

 

 
Fig.1: DSC heating/cooling cycle curve of the alloy sample. 

 

 

Table 1: Values of characteristic transformation 

temperatures and thermodynamic parameters of the alloy. 

sA 

(°C) 
fA 

(°C) 
maxA 

(°C) 
sM 

(°C) 
fM 

(°C) 

120.76 155.15 146.96 130.02 85.01 

0T 

(°C) 
M→AΔH 

(J/g) 
M→AΔS 

)J/g°C( 

fM-sA 

(°C) 
sM-fA 

(°C) 

142.58 4.57 0.032 35.75 25.13 

 

The entropy change (∆S) during M to A transition 

was found from the following equation [10]; 
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where ∆H is enthalpy change and its value was obtained from 

the DSC analysis of M to A peak. The transformation 

hysteresis (As-Mf) value of 35.75 °C was also given in Table 

1. 

Furthermore, on the DTA curve as seen in Fig.2, 

after the first downward endothermic peak which belongs to 

M→A transformation, the endothermic β1→B2 transition 

peak appears at nearly 400 °C and at the right edge of this 

peak the eutectoid decomposition of metastable B2 into α plus 

γ2 precipitation phases and then these temporary precipitation 

phases dissolve by converting into a stable and B2 phase and 

it can be seen as the deepest endothermic peak at nearly 550 

°C which is the eutectoid dissolution point of CuAlMn alloy 

sample and common to Cu-based SMAs. 
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Fig.2: DTA curve of the alloy sample. 

 

From XRD measurements at room temperature the 

β1'(M18R) martensite structures in the alloy were detected as 

difracted X-ray peaks and correspondent martensite lattice 

planes and were displayed in Fig.3. The highest peak was 

observed at 46.86° which belong to (1210) plane of β1' 

martensite and the other appeared planes of β1' peaks are 

(122), (0022), (128), (222), (042) and (211) planes [11-13]. 
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Fig.3: X-Ray diffraction peaks and correspondent martensite 

planes of the CuAlMn alloy. 

 

The  average crystallite size (D) of the alloy was 

calculated by using Debye-Scherrer [14, 15] formula; 

 

1 2

0.9
D

B cos




   (3) 

 

here, λ is CuKα-X-ray wavelength (λ=0.15406 nm), B is 

FWHM (full with at half maximum) of the highest peak and 

θ is Bragg angle. Thus D was found as 21.12nm and thinking 

this small size as one dimensional line it may contain a chain 

of nearly 50 copper atoms. As seen in Eq.3, if the B width of 

the highest peak becomes broader then the D crystallite size 

of the alloy decreases and this means that the surface areas so 

the numbers of linear defects (dislocations) in the 

polycrystalline alloy increase and these increments generally 

improve the shape memory and ductility properties of the 

alloy. 

 

 
(a) 

 
(b) 

Fig.4: The optical micrographs of the CuAlMn alloy: a) one shot 

and b) another shot. 

 

In SMAs, the martensitic tranformations caused by 

heating/cooling processes (in which the vibrational entropy is 

changed) are first order, and diffusionless. The vibrational 

entropy change (ΔS) of average periodic lattice formation is 

a function that is too closely depended on valence electron 

concentration (e/a). The valence electron/atom concentration 

of an alloy system is very important to have shape memory 

property. The valence electron concentration per atom in the 

alloy, i.e. the e/a rate was found by the formula [16] as below; 

i i

e
f v

a
    (4) 

where fi represents the atomic fractions of each element of the 

alloy and vi is correspondent numbers of valence electrons. In 

this work, the e/a ratio of CuAlMn sample was found as 1.46 

and this value implies that the dominant phase 
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should be the forms of β1' martensite phase. The proofs 

supporting to this hypothesis can be seen in Fig.4-a and b as 

optical micrography images displaying the martensite forms 

existed on the surface morphology of CuAlMn sample. In 

Fig.4-b the minor γ1'(2H) martensite which is caused from 

high amount of Al content was also observed [17].  

  
Conclusions 
 

The thermal and structural measurements of newly composed 

CuAlMn shape memory alloy with high amount of Al and 

minor Mn were made after its production via arc melting. By 

the DSC analysis of the alloy, the characteristic martensite 

start (130 °C) and austenite start (120 °C) temperatures were 

determined as entwined together and the kinetic parameters 

were also calculated, the transformation hysteresis was found 

as ~35 °C. The DTA curve depicted that the alloy had a multi-

stage phase transitions of β1'(18R) martensite → β1(L21-

Heusler) austenite → β2(B2) under heating way, as this 

process is common to CuAlMn alloys. At room conditions, 

XRD results revealed the β1'(M18R) martensit plane peaks 

and the formations of this martensite phase with minor 

γ1'(2H) were also able to seen by naked eye on the optical 

micrographs of the alloy as real morphological semblances. 

In conclusion, this new CuAlMn shape memory alloy may be 

useful in various thermomechanical applications in 

compliance with its physical SMA properties.  
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