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Shape memory alloys are the materials that can gain its original shape after the deformation caused by heat, 

pressure or magnetic field. In this work, we investigated the pressure effect on the characteristic phase 

transformation temperatures, order-disorder phase transitions and also the effect on morphology. Kinetic 

parameters were detected by thermal analysis results and activation energy variation was calculated. The 

morphological analyses were made at room temperature by XRD and optical microscope analysis then the 

alterations in diffraction patterns were detected. 
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1. Introduction 

In recent years, with the advances in technology, 

smart materials became widely used in numerous different 

modern technological and industrial fields from actuator, 

aerospace, automotive to medical, robotics, so on. Shape 

memory alloys (SMAs) are among the most widely used 

smart materials [1-3]. SMAs vary widely in applications and 

frequently used in industrial and medical moments due to 

their very useful special properties such as shape memory 

effect (SME), superelasticity (SE), high damping ability and 

corrosion resistance[4, 5]. 

SMAs exhibit their extraordinary ability to switch 

from the existing solid crystal structure to a different solid 

crystal form by the applied external physical factors such as 

heat, stress, electrical field etc.. In general, such materials can 

be deformed plastically when the temperature is low and 

return to their structural state prior to deformation when 

subjected to excess temperatures. This event happens by such 

a phase change known as martensitic transformation bring in 

these alloys a macro-scale shape change ability called as 

shape memory effect (SME) property.  

SMAs are generally grouped in three constitutive 

alloy systems: NiTi, Cu-rich and Fe-rich alloys in the alloy 

forms of binary, ternary or more [3, 7, 8]. Cu-based SMAs are 

less expensive and can be produced less difficultly than the 

famous and superior NiTi ones but they show better SE and 

SME properties than Fe-based SMAs do. Mostly the Cu-rich 

SMAs are built on the binary forms of Cu-Al, Cu-Sn and Cu-

Zn alloys which can have better SMA properties by doping 

minor additions of a third or more elements (such as Ni, Mn, 

Ti, Zr, Be, Fe, Sn, Zn, Cr etc.) that are frequently used as grain 

refiner to enhance ductility, improve SME and thermal 

stabilization in these alloys [6-8]. 

The SME effect in Cu-Al-Ni alloys is also caused by 

this kind of atomically diffusionless reversible thermoelastic 

martensitic transformations [8-10]. Cu-Al-Ni SMAs are used 

frequently due to their inexpensive fabrication cost and high 

resistance to the degradation of functional properties that 

occurred by the aging processes and also these alloys can 

have fairly high transformation temperatures [11]. The 

improved thermodynamic stability and a wide range of high 

transformations temperatures above 100 °C are characteristic 

faculties of Cu-Al-Ni alloys that have atracted researchers, 

but the applicability of these alloys is limited due to their 

brittle nature because of their coarse grained polycrystalline, 

which is caused by a strong elastic anisotropy and the 

precipitation of certain intermetallic phases [12-15]. 

 In this study, different pressures were applied to Cu-

Al-Ni shape memory alloy and according to the applied 
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pressure value the variation in kinetic parameters and 

morphology were investigated. 

2. Experimental details 

Cu-Al-Ni shape memory alloy was fabricated by arc 

melting method. The composition of the alloy was 

determined as Cu-13.46Al-4.51Ni (wt.%) by Bruker Model 

energy dispersive X-ray (EDX).The samples were cut from 

the ingot and homogenized at β-phase region. Then 280 MPa, 

560, MPa, 840 MPa and 1120 MPa pressure was applied on 

these samples. The characteristic transformation 

temperatures and thermodynamic parameters of the 

homogenous and pressure applied samples were determined 

by Shimadzu DSC-60A differential scanning calorimetry 

with different heating/cooling rates. The TG/DTA (Shimadzu 

TA-60 WS) measurements were performed from room 

temperature to 900 ˚C at a heating rate of 25 ˚C/min. to 

identify order-disorder phase transitions. X-Ray diffraction 

patterns of the samples were taken by Rigaku RadB-DMAX 

II diffractometer and microstructural observations were made 

using Nikon MA200 model optical metallographic 

microscope at room temperature.  

 

3. Results and discussion: 
 

The effect of pressure on characteristic high 

temperature and low temperature phase transformations were 

detected by Differential scanning calorimetry (DSC) 

measurements with different heating/cooling rates as; 5, 15, 

25, 35 and 45 ˚C/min. and given in Fig. 1-Fig. 5. The 

transformation temperatures and the hysteresis can be 

determined by the corresponding peak positions of the DSC 

measurements so the characteristic transformation 

temperatures of reverse and forward transformations were 

determined from DSC curves by tangent method. 

The characteristic austenite and martensite phase 

start and finish temperatures, equilibrium temperatures, 

enthalpy and entropy values of each sample with different 

heating/cooling rates are given in Table 1 to Table 4. The 

equilibrium temperature between the reverse and forward 

phases according to is determined by the following relation 

[16];  
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where Ms is the martensite start temperature, Af is the 

austenite finish temperature. The entropy change during the 

reverse transformation can be determined by the following 

equation [17, 18];  
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where ΔS is the entropy change, ΔH is the enthalpy change, 

and T0 is the equilibrium temperature. 

 

 
 

Fig.1: The DSC curve of the homogenous sample with different 

heating/cooling rates. 

 

 
 

Fig.2: The DSC curve of the 280 MPa pressure applied sample 

with different heating/cooling rates. 

 

 
Fig.3: The DSC curve of the 560 MPa pressure applied sample 

with different heating/cooling rates. 
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Fig. 4. The DSC curve of the 840 MPa pressure applied sample 

with different heating/cooling rates. 

 

 
 Fig.5: The DSC curve of the 1120 MPa pressure applied sample 

with a heating/cooling rate of 35 ˚C/min. 

 

 

 

Table 1: Transformation temperatures and thermodynamic parameters of homogenous sample with different 

heating/cooling rates (5, 15, 25, 35 and 45 ˚C/min). 
 

Heating/ 

cooling 

rate 

(˚C/min.) 

As 

(˚C ) 
Af 

(˚C ) 
Amax 

(˚C ) 
T0 

(˚C ) 
ΔHM→A 

(J/g) 

ΔSM→A 

(J/g(˚C) 

Ms 

(˚C ) 
Mf 

(˚C ) 
ΔHA→M 

(J/g) 
ΔSA→M 

(J/g˚C) 

5 160.10 171.69 166.32 168.345 11.21 0.066 165.00 150.87 -10.52 -0.062 

15 159.84 177.82 167.44 169.52 11.23 0.066 161.22 140.29 -10.94 -0.064 

25 159.62 181.54 170.00 170.365 11.46 0.067 159.19 133.88 -12.52 -0.073 

35 163.25 190.98 175.97 173.25 10.96 0.063 155.52 127.48 -11.16 -0.064 

45 163.88 207.31 185.22 181.34 8.99 0.049 155.37 129.23 -7.61 -0.041 

 

Table 2: Transformation temperatures and thermodynamic parameters of 280MPa pressure applied sample with 

different heating/cooling rates (5, 15, 25, 35 and 45 ˚C/min). 

 

Heating/ 

cooling 

rate 

(˚C/min.) 

As 

(˚C ) 
Af 

(˚C ) 
Amax 

(˚C ) 
T0 

(˚C ) 
ΔHM→A 

(J/g) 

ΔSM→A 

(J/g(˚C) 

Ms 

(˚C ) 
Mf 

(˚C ) 
ΔHA→M 

(J/g) 
ΔSA→M 

(J/g˚C) 

5 222.76 244.65 219.10 228.905 4.18 0.018 213.16 201.54 -4.28 -0.018 

15 207.06 222.69 214.57 214.1 12.16 0.056 205.51 186.69 -12.70 0.059 

25 205.70 225.62 215.67 214.275 12.31 0.057 202.93 180.01 -13.73 0.064 

35 206.65 228.01 216.90 214.34 12.60 0.058 200.67 176.11 -14.22 0.064 

45 207.62 232.43 219.72 215.19 12.55 0.058 197.95 168.69 -15.41 -0.071 

 

 

Table 3: Transformation temperatures and thermodynamic parameters of 560MPa pressure applied sample with 

different heating/cooling rates (5, 15, 25, 35 and 45 ˚C/min). 

Heating/ 

cooling 

rate 

(˚C/min.) 

As 

(˚C ) 
Af 

(˚C ) 
Amax 

(˚C ) 
T0 

(˚C ) 
ΔHM→A 

(J/g) 

ΔSM→A 

(J/g(˚C) 

Ms 

(˚C ) 
Mf 

(˚C ) 
ΔHA→M 

(J/g) 
ΔSA→M 

(J/g˚C) 

5 174.96 184.22 180.17 180.5 2.46 0.013 176.78 167.24 -2.28 -0.012 

15 174.01 187.80 180.52 180.145 2.64 0.014 172.49 146.88 -2.82 -0.015 

25 173.75 191.15 181.85 180.5 2.80 0.015 169.85 158.83 -4.79 -0.026 

35 175.76 195.73 184.91 181.665 3.10 0.017 167.60 136.11 -3.77 -0.020 

45 185.44 225.07 206.81 195.255 1.28 0.006 165.44 143.72 -1.78 -0.009 
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              Table 4: Transformation temperatures and thermodynamic parameters of 840 MPa pressure applied sample with 

different heating/cooling rates (5, 15, 25, 35 and 45 ˚C/min). 

Heating/ 

cooling 

rate 

(˚C/min.) 

As 

(˚C ) 
Af 

(˚C ) 
Amax 

(˚C ) 
T0 

(˚C ) 
ΔHM→A 

(J/g) 

ΔSM→A 

(J/g(˚C) 

Ms 

(˚C ) 
Mf 

(˚C ) 
ΔHA→M 

(J/g) 
ΔSA→M 

(J/g˚C) 

5 - - - - - - - - - - 

15 - - - - - - - - - - 

25 - - - - - - - - - - 

35 306.84 358.27 339.90 270.36 3.81 0.014 182.45 158.91 -2.78 -0.010 

45 392.98 437.24 415.82 312.735 10.52 0.033 188.23 160.34 -6.72 -0.021 

 

 

 

The activation energies of the samples calculated by 

Kissinger method and the activation energy curve of the 

samples is given in Fig. 11. The calculated activation energy 

values of samples according to Kissinger method are 

processed by the following equation [19]; 
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where   is the heating rate, Tm the maximum temperature 

of the DSC peak, R is the universal gas constant and E is the 

activation energy. The calculated activation energy values for 

homogenous sample, 280 MPa pressure applied sample, 

560MPa pressure applied sample and 840 MPa pressure 

applied sample are; 143.49, 43.515, 81.635 and 2.203 kJ/mol, 

respectively. 

 

 

Fig. 6: X-Ray diffraction patterns of the homogenous and pressure 

applied samples. 

 

The X-ray analysis of the homogenous sample and 

the pressure applied samples were made by CuKα radiation at 

room temperature. The diffraction patterns belong to 

martensite phase at room temperature. As seen from X-ray 

results in Fig. 6, when the pressure value increased the 

separation of the phases became very hard. And also this was 

supported by the optical micrograph observations given in 

Fig. 7. Martensite variants, grains and grain boundries 

occured in the structure of the samples are clear and the 

orientations of martensite variants of each grain is different  

from each other. For the 1120MPa pressure applied sample 

there is no martensite variant formation and also the sample 

is austenite at room temperature. 
 

 

 

  

  

Fig. 7: Optical micrographs of the homogenous and pressure 

applied samples. 
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Conclusions 
 

In this research study, we investigate the effect of 

increasing pressure value on the characteristic transformation 

temperatures and morphology of the CuAlNi SMA. As a 

result of the thermal and structural analysis, the increase in 

pressure value also increased the transformation temperatures 

and for the 1120MPa pressure the sample became austenite . 

This was both observed from thermal analysis and optical 

micrograph observations. In X-ray analysis for the 1120 MPa 

pressure the separation of the phases not occurred clearly. So, 

the big pressure applied on the sample deforms the structure. 
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