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ABSTRACT 

Addition of Cu instead of Ga in stoichiometric Ni2MnGa 

have strong influence on crystal structure. At ambient 

temperature, four types of crystal structures were detected: 

L21 austenite and 5-layered modulated, 7-layered 

modulated and non-modulated martensite. The substitution 

of Ga for Cu in the Ni50Mn25Ga25-xCux system results in an 

increase of martensitic transformation temperature (TM) 

which in turn is proportional to the e/a ratio. Moreover, the 

quenching process has also an influence on the martensitic 

transformation temperature and crystal structure shifting TM 

to lower temperatures and stabilizing the L21 austenite and 

7-layered modulated martensite phases. Electron 

microscopy observations revealed that the Cu addition 

significantly affects the martensite microstructure. At 

higher Cu concentration, i.e. 9 and 10 at.%, a so-called γ 

phase precipitates of face-centred cubic crystal structure 

forms being substantially enriched with Cu. This effect in 

turn decreases the e/a ratio of the martensite phase (as a 

matrix of the dual-phase microstructure) and consequently 

decreases the TM. 
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INTRODUCTION 

Ni-Mn-Ga Heusler alloys have attracted large interest over 

past few decades due to their functional properties including 

magnetic field-induced strain effect [Ullakko, 1996]. These 

alloys are very promising candidates for actuator and sensor 

applications. It is well-know that the low operating 

temperature and brittleness remain the major drawbacks for 

industrial applications of these alloys [Söderberg, 2004]. 

This has led to the search for new alloy compositions with 

enhanced functional properties. It is well-known, that the 

martensitic transformation temperature is very sensitive to 

the chemical composition. For instance, addition of a fourth 

ductile element, such as Cu, into ternary Ni-Mn-Ga system 

may improve ductility and simultaneously bring the 

martensitic transformation temperature closer to room 

temperature by increasing the e/a ratio [Chernenko, 1995]. 

In this paper the effect of substitution of Cu for Ga in  

Ni2MnGa alloy were investigated. 

EXPERIMENTAL PROCEDURE 

Alloys with the general formula Ni50Mn25Ga25-xCux (x = 1-

10 at.%) were prepared using conventional arc-melting 

method from high purity elements (Ni-99.9%, Mn-99.95%, 

Ga-99.99%, Cu-99.999%). Thereafter, re-melted four times 

for insure homogeneity. Subsequently, the samples were 

encapsulated at vacuum condition, homogenized at 1173 K 

for 48h and then slowly cooled with furnace to ambient 

temperature. Then the samples were cut into two piece. One 

part was again encapsulated in quartz ampoules heated at 

1173 K for 30 minutes and then water quenched. The type 

of crystal structure was investigate by x-ray diffraction 

technique. The microstructure and its possible changes were 

observed by electron microscopy methods. Characteristic 

temperatures of martensitic and reverse transformation 

temperature were determine by means of calorimetric 

technique. 

RESULTS AND DISCUSSION 

Table 1 shows the overall crystal structure of Ni50Mn25Ga25-

xCux (x =1-10 at.%) alloys at room temperature. For 

annealed samples, when x=1, all reflections could be 

indexed with the L21 (austenitic) crystal structure, and no 

other phases could be observed. When x=2 and 2.5, the 

cubic  L21  structure co-exists with a five-layered tetragonal 

(10M) martensitic structure. For x=2.75 only 10M structure 

occurred. Further, addition of small amount of copper to 3 

at%. results in a change of structure to mixture of NM and 

seven-layered modulated (14M) martensitic structure.  For 

x=4-10, all the diffraction peaks are indexed as a tetragonal 

non-modulated (NM) martensitic structure.  

Water quenching process introduces changes in sequence of  

crystal structure with increasing copper content. For x=1 

and 2 austenitic structure occurred. When x=2.5 and 2.75 

10M structure coexists with the cubic structure. For x=3 the 

14M martensitic structure is observed. Further increasing 

Cu content to x=4, revealed mixture of two martensitic 

structures NM and 14M. When x=5-10, all the diffraction 

peaks are indexed as NM structure. 



Table 1: Crystal structure of Ni50Mn25Ga25-xCux (x = 1-10 

at.%) alloys. 

 

It can be observed, that addition of copper to stoichiometric 

Ni2MnGa have strong influence on type of crystal structure. 

The water quenching process stabilizes the austenitic and 

seven-layered modulated martensite phase. The increase of  

cooper affects the lattice parameters of the non-modulated  

structures.  The “a” parameter decreases and the “c” 

parameter at the same time increases. Scanning electron 

microscopy observation reveal typical lamellar martensitic 

morphologies for samples characterized by a martensitic 

type of crystal structure. The martensitic variants exhibit 

configuration with self-accommodation arrangement. When 

the Cu content increase to about 9 at.%, although there is no 

obvious change in the martensitic variants, however, a new 

phase could be clearly observed, as shown in Figure 1. Upon 

further increase of Cu content, the amount of new phase 

increases. Further analysis of precipitate shows that they are 

enriched in Cu and Ni at the expense of Ga and Mn. 

 

 

Figure 1:  Qualitative chemical analysis of 

Ni50Mn25Ga16Cu9 furnace cooled sample. 

Temperature of forward (MS, MF) and reverse (AS, AF) 

martensite transformation were determine using differential 

scanning calorimetry. With increasing of copper content, 

the martensitic start and reverse transformation temperature 

increases. This effect is related to the change of the valence 

electron concentration per atom (e/a) in these alloys. 

Samples having a second phase in the form of precipitates 

possess the martensitic transformation temperature constant 

which indicates that the precipitation process by changing 

the e/a ratio has an influence on the martensitic 

transformation temperature. 

CONCLUSION 

The type of crystal lattice evolved depending on Cu 

concentration in the following sequence: 

 For furnace cooled samples 
L21 L21 + 10M  10M  14M + NM  NM + prec. 

 For water quenched samples 
L21  L21 + 10M  14M  NM + 14M  NM + prec. 
Substitution of Cu instead of Ga increases martensitic 

transformation temperature until precipitation occurs. 
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Alloy 
Crystal structure 

Annealed Water Quenched 

Cu1 L21 L21 

Cu2 L21 + 10M L21 

Cu2.5 L21 + 10M L21 + 10M 

Cu2.75 10M L21 + 10M 

Cu3 14M + NM 14M 

Cu4 NM NM + 14M 

Cu5 NM NM 

Cu6 NM NM 

Cu7 NM NM 

Cu8 NM NM 

Cu9 NM + prec. NM + prec. 

Cu10 NM + prec. NM + prec. 


