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ABSTRACT 
The mechanical properties and microstructure of copper base shape memory alloys are relatively 
well known, while data on thermal properties (thermal conductivity, specific heat, and 
temperature conductivity) are not available. In the frame of our investigation work thermal 
properties of rapidly solidified Cu-Al-Ni-Mn alloy were determined. 
As the first part of the work, a study and evaluation of the operation of the device for determining 
the thermal properties of Hot Disk TPS 2200, today one of the more modern and high-quality 
instruments for determining thermal properties has been carried out. 
In the second part of the work, the measurements and analysis of thermal properties of rapidly 
solidified Cu-Al-Ni-Mn shape memory alloy in accordance with the standard ISO 22007-2 at 
ambient and elevated temperatures have been done.  
 
1. INTRODUCTION 
Shape memory alloys (SMA) are relatively a new class of advanced functional materials 
that are able to memorize and recover their original shape after being significantly 
deformed from heating over the phase transformation temperature [1]. 
The main advantage of Cu-based SMA is their low price compared to other SMA. The 
properties of Cu-Al-Ni alloys are superior to those of Cu-Zn-Al alloys due to their wide 
range of useful transformation temperatures and small hysteresis. Although Cu-Al-Ni 
alloys have better thermal and electrical stability and higher operating temperatures, their 
practical applications are sometimes restricted by very small shape changes due to their 
poor workability and susceptibility to brittle intergranular cracks [2]. Their very high 
elastic anisotropy and large grain size cause brittle and poor mechanical properties owing 
to the high degree of order in the parent phase. Typically composition of Cu-Al-Ni SMA 
is in the range Cu-(13-15 m. %)Al-(3-4.5 m. %)Ni [3]. Adding some alloying elements 
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such as Mn, Fe, Ti, Zr, B, etc. to the alloys can significantly improve their ductility and 
other properties which modify their operating temperatures [4,5].  
In the frame of our investigation, we have investigated the thermal properties of rapidly 
solidified Cu-Al-Ni-Mn shape memory alloy [6] produced by the melt-spinning procedure 
(Figure 1). The chemical composition of the testing Cu-Al-Ni-Mn alloy is in Table 1. 
 
Table 1. Chemical composition of the testing Cu-Al-Ni-Mn  alloy (in m.%) 

Al Ni Mn Cu 
12.7 4.2 2.4 rest 

 

     
 

Figure 1. Melt spinner at the Faculty of Natural Sciences and the Engineering University of 
Ljubljana [7] 

Single Roll Melt Spinning is the most commonly used process for the production of 
rapidly solidified thin metal foils or ribbons with amorphous, microcrystalline, or even 
combined microstructure. In this type of process, a molten material is introduced onto the 
surface of the spinning wheel, where a melted puddle is formed, and as a final result metal 
ribbons are formed (Figure 2). 
 

    
a)                                   b) 

 
Figure 2. Rapidly solidified Cu-Al-Ni-Mn shape memory alloy thin ribbons (a), microstructure (b) 
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Figure 3. Disks from the ground and molded rapidly solidified Cu-Al-Ni-Mn shape memory alloy 
 
The final products are in the form of thin and narrow ribbons, which could be in further 
production steps subjected to milling and molded into useful shapes by different methods 
of powder metallurgy. In our case, we have made disks from the ground and molded 
alloys (Figure 3). From them, testing samples to perform measurements of thermal 
properties of dimensions Ø40 x 13 mm have been done. 
 
2. THERMAL PROPERTIES MEASUREMENT 
In our research, we used one of the most advanced instruments for determining the 
thermal properties, Hot Disk TPS 2200, a product of Hot Disk AB Company, Gothenburg, 
Sweden (Figure 4) [8].   
. 

  
a)                                                                         b) 

 
Figure 4. Instrument Hot Disk TPS 2200 (a). Measuring sensor sandwiched between two halves of 

a sample during measurement (b) 

The instrument can be used for determining the thermal properties of various materials 
including pure metals, alloys, minerals, ceramics, plastics, glasses, powders, and viscous 
liquids with thermal conductivity in the range from 0.01 to 500 W/mK, thermal diffusivity 
from 0.01 to 300 mm2/s and heat capacity up to 5 MJ/m3K. Measurements can be 
performed in a temperature interval between -50°C to 750 °C [9]. 
The hot disk measuring method is a transient plane source technique (TPS). Based on the 
theory of TPS, the instrument utilizes a sensor element in the shape of a 10 μm thick 
double spiral, made by etching from pure nickel foil. Spiral is mechanically strengthened 
and electrically insulated on both sides by thin polyimide foil (Kapton ®Du Pont) for 
measurements up to 300 °C or mica foil for measurements up to 750 °C.  
Sensor acts both as a precise heat source and resistance thermometer for recording the 
time-dependent temperature increase. During the measurement of solids, encapsulated Ni-
sensor is sandwiched between two halves of the sample and constant precise pre-set 
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heating power is released by the sensor, followed by 200 resistance recording in a pre-set 
measuring time, from which the relation between time and temperature change is 
established. Based on the time-dependent temperature increase of the sensor, the thermal 
properties of the tested material are calculated. 
 
3. EXPERIMENTAL WORK 
Measurements and analysis of thermal properties of testing samples from the testing 
rapidly solidified copper base shape memory alloy were performed in accordance with 
ISO 22007-2 standard [10] in the Laboratory for Thermotechnical Measurements, Faculty 
of Natural Sciences and Engineering, University of Ljubljana. In Figure 5 complete data 
of thermal properties measurements are presented. 
 

 
 

Figure 5.  Data of TPS measurements 
 
In Table 2 thermal properties (thermal conductivity, specific heat, and temperature 
conductivity) of analysed rapidly solidified Cu-Al-Ni-Mn shape memory alloy at ambient 
temperature (approx. 22 oC) are presented.  
 
Table 2. Thermal properties of analysed Cu-Al-Ni -Mn shape memory alloy at ambient 
temperature  
 Cu-Al-Ni-Mn 
Thermal conductivity 45.30 W/mK 
Specific heat 6.29 MJ/m3K 
Temperature conductivity 7.36 mm2/s 
 
Thermal conductivity of analysed Cu-Al-Ni-Mn shape memory alloy on the temperature 
interval between ambient temperature (approx. 22 oC) and temperature 400 oC growing up 
from 45.30 W/mK to 86.45 W/mK (Figure 6). 
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Figure 6. Thermal conductivity at elevated temperatures 

 
4. CONCLUSIONS 
In the frame of investigation thermal properties of rapidly solidified Cu-Al-Ni-Mn shape 
memory alloy were determined. The measurements and analysis of thermal properties of 
rapidly solidified Cu-Al-Ni-Mn shape memory alloy have been done in accordance with 
the standard ISO 22007-2 at ambient and elevated temperatures. 
The values of thermal properties of Cu-Al-Ni-Mn alloy at ambient temperature 
(approximately 22 °C) are:  
thermal conductivity 45.30 W/mK,  
specific heat 6.29 MJ/m3K, and  
temperature conductivity 7.36 mm2/s.  
We found that investigated rapidly solidified Cu-Al-Ni-Mn shape memory alloy at 
ambient temperature has almost 100 % lower heat conductivity at a temperature of 400 
oC. 
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