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The adaptive character of crystal structure and 

microstructure of the modulated Ni-Mn-Ga and Ni-Mn-Sn 

phases was studied using synchrotron radiation and 

scanning electron microscopy (SEM) equipped with 

electron back scatter diffraction (EBSD). In-situ 

cooling/heating experiments have shown a significant 

difference in martensitic phase front propagation depending 

on the system investigated. Typical diamond like interfacial 

microstructures for alloys exhibiting higher twinning 

stresses was revealed. On the other hand, a planar phase 

front movement in single crystals with much lower twinning 

stresses was observed. Applying the complete 

crystallographic data the role of modulation and inverting 

staking faults (also refer to a/b boundaries) in self-

accommodation process was investigated. To determine the 

real structure of modulated phases and confirm or exclude 

the adaptive concept the real single variant state of 14M and 

10M martensite is studied. 
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INTRODUCTION 

The crystal structure and microstructure of the modulated 

martensite phases have a strongly adaptive character 

[Bhattacharya 2003]. Depending on twin configuration 

(one, two or multi-variant) different diffraction pattern 

indicating a change of lattice parameters are obtained. On 

the other hand, the concept of adaptive martensite proposed 

more generally by Khachaturyan et al. [1991] and 

particularly for the 14M Ni-Mn-Ga alloys by Kaufman et al. 

[2012] shows that the lattice mismatch formed at a habit 

plan is compensated by nanotwinned martensite. For this 

reason, the 14M martensite is understood as an intermediate 

martensite phase built out of nanotwinned non-modulated 

phase of tetragonal blocks twinned on the scale of five and 

two atomic layers yielding the 14M martensite structure. 

Nevertheless, this concept was never confirmed for the 10M 

martensite. Due to these reasons, the real structure of Ni-

Mn-Ga modulated phases is studied to confirm or exclude 

the adaptive concept the real single variant state of 14M and 

10M martensite. These alloys tent to show many staking 

faults in the form of mixed modulation order such as 4M + 

6M  + 10M + 14M. This, in turn may change the real crystal 

structure of modulated phases. The same holds for the so-

called inverting staking faults (a/b boundaries) which 

interfere crystal order. On the other hand, there are two 

groups of boundaries which can be distinguished on the 

crystallographic level as a product of thermoelastic 

martensitic transformation. The first group collects 

interfaces that strictly follow twin relation. Within this 

group the specific symmetry operations may yield up to four 

different types of twin boundaries; i.e.: type I, type II, 

modulation boundaries, and a-b boundaries, Each of these 

twins is defined by a different amount of shear leading to 

different lattice rotation which leaves distinctive orientation 

marks in the microstructure.  The second group relates to 

the mesoscopic scale, where larger microstructural 

elements, composed of twin related variants, are frequently 

observed and they comprise: inter-colony (ICB), inter-plate 

(iIPB) and conjugation boundaries (CB). On this level the 

twin relation is no longer obeyed. It strongly suggests that 

upon martensitic transformation at first coarse elements are 

formed (IPB) and subsequently the fine twins develop 

breaking the twin symmetry of the coarse lamellae. In-situ 

experiments combined with a high-resolution scanning 

electron microscope and synchrotron radiation provide a 

significant insight into the view of adaptive character of 

martensitic transformation. They show a specific sequence 

which takes place during transformation.   

EXPERIMENTAL DETAILS 

The single crystalline specimen with 4M, 10M and 14M  
was grown by the Bridgman method. In order to determine 

the crystallographic orientation in the single-crystalline 

material FEI Quanta 3D SEM with EBSD was used. In-situ 

EBSD study will conducted with a Murano 525 heating 

stage manufactured by Gatan company. Corresponding 

measurement will be performed employing high energy 



synchrotron and heating stage at P07 beam line in DESY.. 

Additionally, the single crystals have been inspected with a  

Tecnai G2 transmission electron microscope (TEM). 

RESULTS 

In the case of Ni-Mn-Ga single crystals the forward and 

revers transformations start in one of the corners of the 

sample going through the entire sample with a complex 

planar interface. Intensive branching composed of the type 

I and deviated 6° type II boundaries [Chulist et al. 2013] 

produces a fine twin microstructure in order to reduce the 

overall transformation strain across the austenite-martensite 

interface. Moving away from the interface twin coarsening 

takes place yielding the final two-variant martensitic 

structure. On the other hand in NiMnSn 4M single crystals 

a diamond like structure with four different orientations is 

created. These two types of morphology are attributed to 

significantly different twinning stresses for both systems. 

In-situ cooling/heating experiments have shown a specific 

sequence of twin formation during martensitic 

transformation. It strongly suggests that upon martensitic 

transformation at first coarse elements are formed and 

subsequently the fine twins develop breaking the twin 

symmetry of the coarse lamellae. Applying a special 

training procedure a single variant state of 10M martensite 

is achieved. The results are discussed with respect to twin 

and crystal structure, type of modulation and orientation 

relationship.  

 

Fig. 1. The so-called main twin boundaries (a-c) with a 

diffraction pattern showing structures with and without a-b 

boundaries (a), a-b boundaries (b), modulation in 10M 

martensite. Figure d shows the concept of a-b boundaries as 

inverting stacking faults for 10M and 14M martensite 

CONCLUSION 

The adaptive character of crystal structure and 

microstructure of the modulated Ni-Mn-Ga and Ni-Mn-Sn 

phases was studied in this work. In-situ cooling/heating 

experiments have revealed two types of the phase 

propagation front which was attributed to significant 

difference in twinning stress affecting also transformation 

morphology.  To determine the real structure of modulated 

phases and confirm or exclude the adaptive concept the real 

single variant state of 10M martensite was determined. 

Moreover, the role and distribution of modulation 

boundaries and  inverting staking faults was shown. 
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