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ABSTRACT 

Pseudoelastic shape memory alloys (SMAs) on the basis of 
Ni-Ti are attractive candidate materials for ferroic cooling, 
where elementary solid-state processes like martensitic 
transformations yield the required heat effects. The present 
work aims for a chemical and microstructural optimization 
of Ni-Ti for ferroic cooling. The goal is to identify new alloy 
compositions which allow for a higher elastocaloric cooling 
performance. A large number of Ni-Ti-based SMAs was 
evaluated in terms of phase transformation temperatures, 
latent heats, mechanical hysteresis widths and functional 
stability. Different material states were prepared by arc 
melting, various heat treatments, and thermo-mechanical 
processing. Differential scanning calorimetry and uniaxial 
tensile testing in combination with thermography analysis 
were used to assess the cooling performance of selected 
material states. The results show that a fundamental 
dilemma exists. The key parameters latent heat and 
hysteresis width correlate. Therefore, it is difficult to select 
alloys which simultaneously combine low a hysteresis 
width and large latent heats, which is required for highly 
efficient ferroic cooling processes. Nevertheless, a good 
compromise was found in a Ni45Ti47.25Cu5V2.75 SMA. This 
material exhibits an extremely stable elastocaloric effect at 
room temperature and a very low hysteresis width. The 
ferroic cooling efficiency of this material is close to four 
times higher as compared to binary Ni-Ti. Furthermore, this 
material provides sufficient ductility such that sheets and 
wires can be prepared by thermo mechanical processing. 
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INTRODUCTION 

Ferroic cooling and heat effects in shape memory alloys 
(SMAs) have received significant scientific attention during 
the last years, e.g. [Fähler, 2012], [Tusek, 2015], [Qian, 
2016], [Frenzel, 2018]. Pseudoelastic Ni-Ti-based SMAs 
represent candidate materials for elastocaloric cooling since 
their caloric effects which are associated with the 
martensitic and reverse transformation allow for relatively 
high cooling efficiencies. Therefore, they are considered as 
a promising alternative to conventional vapour 
condensation cooling technologies. Figure 1 shows the 
elastocaloric effect during rapid loading (1-3), holding (3-
4), and rapid unloading (4-6) of a Ni-Ti SMA ribbon. The 
mechanical behavior is presented in Fig. 1a, and the changes 
in sample temperature in Fig. 1b. Figure 1b shows that the 

forward and reverse transformation are associated with 
adiabatic temperature changes close to 30 K.  
 
Various attempts have been made to design solid state 
cooling prototypes using pseudoelastic SMAs [Tusek, 
2015], [Qian, 2016], [Frenzel, 2018]. In most cases, these 
devices employ Ni-rich binary Ni-Ti SMAs which are 
characterized by nanocrystalline grain structures. However, 
from the point of cooling efficiency, this type of material 
represents the wrong choice due to actually relatively low 
latent heats. This issue translates into low adiabatic 
temperature drops in a solid-state-based cooling cycle. 
 
In [Wieczorek, 2017] and [Qian, 2016], various aspects of 
alloy design for ferroic cooling using SMAs are discussed. 
The goal is to identify compositions with large latent heats, 
low hysteresis widths, a good functional stability, and phase 
transformation temperatures which fall into a specific 
temperature range.   
 

 
Figure 1: Elastocaloric effect in a pseudoelastic Ni-Ti 

ribbon. a) Tensile curve, b) thermography images of the 
ribbon when passing the different stages (1-6) of a tensile 

loading/holding/unloading cycle [Wieczorek, 2017]. 

EXPERIMENTAL METHODS 

In the present work, we perform an alloy screening where a 
large number of SMA compositions from different ternary 
and quaternary alloys based on Ni-Ti are considered. 
Different material states were prepared by arc melting, 
thermal and thermomechanical treatments. The different 
material states were characterized by thermal analysis and 
mechanical testing in combination with infrared 



thermography. All details on processing are given in 
[Frenzel, 2010] and [Grossmann, 2008], and all details on 
functional characterization can be found in [Wieczorek, 
2017]. 

RESULTS 

The present work [Wieczorek, 2017] shows that alloy 
compositions and microstructures significantly affect the 
ferroic cooling performance of pseudoelastic SMAs. One 
SMA on the basis of Ni-Ti-Cu-V was designed which 
combined a high cyclic stability, a low hysteresis width and 
a still sufficiently large latent heat. Figure 2 shows cyclic 
tensile tests of this material at a temperature of 20°C. For 
reference, the behavior of a binary Ni-rich Ni-Ti SMA is 
shown, which has been prepared through comparable 
processing steps. Both materials were subjected to 10 
loading/ unloading cycles. Figure 2 shows that the new Ni-
Ti-Cu-V SMA is characterized by a lower accumulation of 
irreversible strain, and the hysteresis width is significantly 
smaller than in the case of binary Ni-Ti. All data from our 
alloy screening with focus on ferroic cooling performance 
are given in [Wieczorek, 2017]. A systematic study of the 
ferroic cooling stability of the new Ni-Tu-Cu-V SMA is 
available in [Schmidt, 2015]. Precise reference data sets on 
transformation temperatures, latent heats and hysteresis 
widths in a large number of binary, ternary and quaternary 
Ni-Ti-based SMAs can be found in [Frenzel, 2015]. We also 
identified and rationalize correlations between those 
parameters, which are of general importance for shape 
memory technology. As an outlook, we aim to test the new 
Ni-Tu-Cu-V SMA in an air cooling demonstrator which 
uses thin SMA wires, and which is described in detail in 
[Kirsch, 2018]. In a first step, Ni-Ti-Cu-V wires were 
prepared for a first ferroic cooling test series. 

 
Figure 2:  Cyclic mechanical behavior of a binary Ni-Ti 

and a new Ni-Ti-Cu-V SMA. 

CONCLUSION 

A shape memory alloy on the basis of Ni-Ti-Cu-V was 
developed which shows a superior ferroic cooling 
performance. A detailed functional characterization of this 
material, as well a precise ferroic cooling key parameters 
for various types of Ni-Ti-based SMAs are available in 
literature. 
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