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In this work, Cu-Al-Ni and Cu-Al-Ni-Co shape memory alloys were fabricated by arc melting process under vacuum. 

The fabricated samples were cut from the ingot into small pieces. After then, the samples homogenized and thermal 

and structural observations were made by DSC, TG/DTA and X-ray equipments. As the heating/cooling rate 

changed, the transformation temperatures were changed slightly. On the left side of heating parts of the cycles, the 

first downward endothermic peaks  belong to the forward M→A transformation where β1’ converts to β1(L21) phase. 

Then, the α and γ2 precipitation phases emerge and disslolute and convert to a stable ordered β2 phase which can 

be understood from the downward eutectoid dissolution peaks. 

 

Keywords: Cu-Al-Ni, Cu-Al-Ni-Co, Shape memory alloys, Martensite, DSC, DTA, X-ray diffraction 

 

Submission Date: 10 December 2020 

Acceptance Date: 08 January 2021  
 
 
*Corresponding author: caksu@firat.edu.tr  

  
 
1. Introduction 

 

Nowadays, smart materials and structures or smart material 

systems have been receiving ever increasing attention  

because of their great scientific and tecnological importance 

[1, 2]. One of the most functional class among smart 

materials is shape memory alloys [2]. Shape memory alloys 

(SMAs) are made up of metal elements and first discovered 

by A. Olander in 1938 [1, 3]. SMAs exhibit very important 

and beneficial properties as shape memory effect (SME), 

and pseudo-elasticity (PE). 

Shape memory effect (SME) is one of the fantastic 

behaviors of SMAs such that they return back to their 

original shape by heating them after been deformed 

mechanically. SME is performed through an isothermal and  

 

 

diffusionless solid-solid phase transition in these materials 

[4]. This reversible phase transition occurs between 

martensite and austenite phase of SMAs is called as 

martensitic transformation. In SMAs, transformation of the 

martensite phase to the austenite phase is generally defined 

as thermo-dynamic cycle [2]. The austenite phase is also 

defined as high temperature or parent phase and martensite 

phase is called as low temperature or product phase. SME 

can be one way shape memory effect (OWSME) and two 

way shape memory effect (TWSME). In one way shape 

memory effect, SMAs in deformed martensite phase change 

their shape to the original shape upon heating but after then 

they do not return to the deformed shape by cooling again. 

However, in the case of two way shape memory effect (this 
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property is provided in SMAs by performing some special 

post treatments on these alloys), SMAs can return to 

deformed shape (cold temperature shape) by cooling them 

when they are in austenitic shape (hot temperature shape) at 

austenite phase, they will automatically deform without any 

external deformation [5]. 

Another amazing property of SMAs is pseudoelasticity (PE) 

or superelasticity (SE). SE refers to characteristic that 

certain materials possess. SE materials can return to their 

original shape when the applied deformational stress is 

removed [6]. SMAs can behave superelastic when they are 

in austenite phase.  

Generally SMAs consist of 3 structures. These structures are 

NiTi (and NiTi-based), Cu-based and Fe-based SMAs [7] 

which have been found to be commercially attractive. Cu-

based alloys are nearly ten times cheaper than the NiTi(-

based) SMAs which have superior SMA properties and are 

the most dominant among SMAs even today [2, 7-9]. 

Therefore, Cu-based SMAs have received a considerable 

attention, also for their high damping and thermal stability 

[10]. However, the polycrystalline copper based SMAs, 

such as Cu–Al–Ni and Cu–Zn–Al, are too brittle and cannot, 

therefore, be cold worked due to the high degree of order 

and high elastic anisotropy that exist in the parent austenitic 

𝛽 −phase [11]. To reduce brittlement by grain size 

refinement and improve ductility, Cu-based binary and 

ternary systems can be doped by some grain refining 

elements such as Ti, Co, Zr, B, Fe, or Cr [3, 7, 8, 11, 12]. 

 

2.  Experimental 

The ternary 80.6Cu-15.74Al-3.67Ni (at.%) and quaternary 

79.41-14.1Al-5.19Ni-1.3Co (at.%) polycrystalline shape 

memory alloys were produced by using high purity (99.9%) 

elements of copper, aluminum, nickel and cobalt powders. 

After mixing the powders as to the alloys’ compositions, the 

pelletization was made under pressure. The pellets were 

melted by an Edmund Buehler Arc Melter under inert argon 

atmosphere and thus the alloys were obtained as cast ingots. 

Then, the undersized (~30-50 mg) slab shaped specimens of 

alloys were cut from these ingots then all of these samples 

were solution-treated in β- phase region and without delay 

they were quenched into iced-brine water to make the 

formation of β1’ martensite phase in the alloys’ matrices. 

The chemical compositions of alloys as atomic percentages 

(at.%) were determined by a Zeiss Evo MA10 model EDX 

(energy dispersive X-ray) instrument at room temperature. 

The characteristic martensitic transformation peaks and 

analyzed data for each alloy were obtained by using a 

Shimadzu DSC-60A model differential scanning 

calorimetry (DSC) equipment run at different 

heating/cooling rates of 15, 20, 25, 30 and 35 °C/min. The 

high temperature β-phase region was observed by means of 

a Shimadzu DTG-60AH model differential thermal analysis 

(DTA) instrument run at a single heating rate of 25 °C/min 

for each alloy from room temperature to 900 °C. The X-ray 

measurements (with CuKα radiation) at room temperature 

were performed by a Rigaku RadB-DMAX II diffractomer 

to expose the diffraction peaks of lattice planes of the alloys. 

 

3.  Results 

 

The DTA heating curves of the CuAlNi and CuAlNiCo 

alloys can be seen in Fig.1 and Fig.2. As seen in these 

figures, a multiple phase transition sequence of β1' → 

β1(DO3 or L21) → β2(B2) → α + γ2 precipitation → 

eutectoid dissolution → β2(ordered A1) → A2(disordered) 

starting from the far left to the far right was observed. This 

characteristic batch  of phase transitions is common to the 

Cu-Al based SMAs [3, 4, 7, 12-16]. However, it is seen that 

the forward β1' martensite to β1 austenite  (M →A) 

transformation, which is the sign of SME property of SMAs, 

occurred more powerful (i.e. with deeper endo peak) for 

CuAlNiCo alloy (as seen in Fig.2) than that of CuAlNi alloy 

(Fig.1). The addition of Co and increased percentage of Ni 

caused this improvement for the CuAl base alloys with 

almost same compositions used in this work. This is also the 

reason for that the eutectoid peak seen more shallow for 

CuAlNi alloy with a slightly higher Cu content that 

contributed to this result. In other words, the sharper 

eutectoid peak, the better alloying. 
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Figure.1. The DTA curve of CuAlNi alloy at the single 

heating rate of 25 °C/min. 

 

 
Figure.2. The DTA curve of CuAlNiCo allo at the single 

heating rate of 25 °C/min. 

 

Among the data sets of analyzed M→A transformation 

peaks displayed under the M→A peaks of DTA curves, the 

given onset, endset, and peak temperatures are the austenite-

start (As), -finish (Af), and –max (Amax) temperatures, 

respectively. As seen from these data sets, both two alloys 

should be classified as high temperature shape memory 

alloys due to their Af temperatures were found above 100 °C 

[17, 18]. 

The cyclic DSC heating/cooling curves of the alloys can be 

seen seen in Fig.3 and Fig.4. The characteristic M→A 

transformation temperatures (As, Af and Amax) and enthalpy 

change (∆HM→A) values of the alloys for M→A transition 

peaks were obtained by doing DSC peak analyses made on 

these peaks and are given in Table 1 and Table 2. The 

transformation temperatures and enthalpy change (∆HM→A) 

values seen from these tables are seen to be changed by 

different heating/cooling rates and they also some differed 

from the values given in data sets of the analyzed DTA 

curves. On the heating fragments of the DSC curves, there 

exist several variously sized head-down endothermic peaks 

of the forward M→A transformations seen at between  

300-450 °C for CuAlNi (in Fig.3) and at 200-300 °C for 

CuAlNiCo (in Fig.4) alloys where β1’ martensite phase 

changes to β1(DO3/L21) austenite phase [12-18]. On DSC 

curves of the alloys, none of the backward A→M 

transformation peaks and also some of forward M→A 

transformation peaks on heating fragments of some curves 

run at slow DSC heating/cooling rates are not observed due 

to the low heating rates and slow cooling ability of the used 

DSC instrument. Moreover, there are seen termal lag 

(temperature lagging) which occurred on the heating parts of 

the curves of CuAlNi alloy (in Fig.3) run at 30 and 35 °C/min 

of heating rates due to these high heating rates and also due 

to the geometry of tested CuAlNi alloy sample and its 

morpho-touching on the base layer of DSC crucible where 

the test sample is put in. A detailed explanation of such kinds 

of lagging temperature problems can be found in a recent 

work [9]. 

 
Figure 3. The DSC curves obtained for CuAlNi alloy for 

heating at the heating/cooling rates of 15, 20, 25,30, and 35 

°C/min. 

 

Table.1. The forward M→A transformation temperatures 

and enthalpy change values for the CuAlNi alloy obtained 

by DSC peak analyses. 
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Figure 4. DSC curves obtained for CuAlNiCo alloy at the 

heating/cooling rates of 15, 20, 25,30, and 35 °C/min. 

 

Table.2. The forward M→A transformation temperatures 

and enthalpy change values for the CuAlNiCo alloy 
obtained by DSC peak analyses. 

 

 

 

Furthermore, as seen in Table 1 and Table 2, the M→A 

transformation temperatures of the alloys were generally 

increased by increase of heating/cooling rate. But, they were 

found lower for CuAlNiCo alloy than for CuAlNi alloy due 

to the Co addition, and high copper content in CuAlNi alloy 

led it to have higher transformation temperatures (in Table 

1). 
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Figure 5. The XRD results for CuAlNi and CuAlNiCo 

alloys showing different planes of β1’ martensite phase. 

 

The results of XRD measurements of the alloys performed 

at room temperature are given in Fig.5. According to these 

X-ray diffraction patterns, the highest main peak indicates 

the β1’(122) martensite phase and the other appearancing 

peaks are β1’(0022), β1’(128ˉ), β1’(222), and β1’(042) 

martensites and a Cu-α(200) precipitation peak [3, 4, 7, 12, 

16-18]. Among these peaks, the intensities of β1’(222), and 

β1’(042) lowered by the addition of Co addition into CuAlNi 

alloy. But due to the lower Al content and Co addition the 

intensity of Cu-α(200) precipitation peak arrived on the 

scene on the diffraction pattern of CuAlNiCo alloy. 

 
4. Conclusions 
 

In this work Cu-Al-Ni and Cu-Al-Ni-Co high temperature 

shape memory alloys were succesfully produced by arc 

melting. The phase transformation from martensite to 

austenite observed on both DSC and DTA curves of the 

produced alloys indicated the SME property of the alloys. It 

is found that each one of two alloys is a high temperature 

shape memory alloys due to that their Af temperatures were 

observed above 100 °C. The high transformation 

temperatures caused by high Cu content of CuAlNi alloy 

reduced by the Co addition. The DTA curves revealed a 

multiple phase transition sequence of β1' → β1(DO3 or L21) 

→ β2(B2) → α + γ2 precipitation → eutectoid dissolution 

→ β2(ordered A1) → A2(disordered) that occurred in both 

alloys as this is common to the CuAl-based alloys. 

Furthermore, the microstructural X-ray measurements 

showed that both alloys predominantly have β1' martensite 

with varied orientations at room temperature. 
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