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ABSTRACT
We found low temperature {110) nanotwinning in Ni-Mn-
Ga and Ni-Mn-Ga-Fe 10M martensites. After martensitic
transformation, the {110) twins are coarse but they grad-
ually refine upon further cooling. The twin refinement is
confirmed indirectly by XRD and directly using channeling
contrast of BSE in SEM. Detailed study of diffraction satel-
lites suggests the nanotwin size to be close to 17 atomic
planes or ≈3.5 nm. The existence of {110) nanotwinning
can have a strong impact on any study attempting to
determine or refine the structure of Ni-Mn-Ga compounds,
since, in the case of nanotwinning, the diffracted pattern is
distorted and false crystal symmetries can appear.
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INTRODUCTION
The magnetic shape memory alloys exhibit interesting
magneto-mechanical effects such as giant magnetic-field
induced strain up to 12% [Ullakko, 1997], [Sozinov, 2013].
The effects originate from the coupling between ferro-
magnetic domain structure and ferroelastic martensite. The
martensite structure and twin microstructure are conse-
quently defining most of the the material functional proper-
ties. The structure of alloys close to Ni2MnGa composition
has been studied very intensively during recent decades but
there still are some controversies, particularly considering
the nature of the lattice modulation [Heczko, 2016]. Here
we report on our finding of low temperature {110) nan-
otwins in a five-layered modulated (10M) martensite phase
of Ni-Mn-Ga and Ni-Mn-Ga-Fe.

EXPERIMENT

The 1×2.4×10 mm3 Ni50Mn28Ga22 (at. %) and
Ni50Mn27Ga22Fe1 single crystalline samples with {100}
orientation of faces were obtained from Adaptamat
Ltd. All samples exhibited nearly 6% magnetic field-
induced strain. The evolution of twin microstructure and

structure with decreasing temperature was studied by
SEM with BSE contrast [Heczko, 2017] and by X-ray
and neutron diffraction. Prior measurements, the samples
were compressed along their long geometrical axis to
achieve uniform orientation of c-axis. The compression
does not remove {110) twins, thus both a and b axes
({400) reflections) were observed on the studied surface
simultaneously.

RESULTS AND DISCUSSION
The 10M martensite is monoclinic with slightly different a
and b lattice parameters. That, in combination with {110)
twinning, results in nearby but distinguishable (400) and
(040) diffraction lines observed in single crystal diffraction
experiments [Wang, 2006]. The example of diffraction
pattern evolution with decreasing temperature is given in
Fig. 1. The merge of (400) and (040) lines observed below
293 K is an indirect indication of {110) nanotwinning
[Wang, 2006]. The {110) nanotwinning was reported before
in narrow (<1 K) temperature interval near martensitic
transformation [Straka, 2017]. The low temperature {110)
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Figure 1: The evolution of diffraction pattern with de-
creasing temperature in Ni50Mn27Ga22Fe1 single crystal.
Primary peaks and diffraction satellites (S) are marked.
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Figure 2: Apparent lattice parameters as a function of
decreasing temperature in Ni50Mn27Ga22Fe1. Regions of
individual phases are marked.

nanotwinning has never been reported in Ni-Mn-Ga 10M
martensite.
The evolution of apparent lattice constants with decreas-
ing temperature in Ni50Mn27Ga22Fe1 is given in Fig. 2.
Austenitic cubic lattice changes to 10M monoclinic lattice
during the martensitic transformation and under further
cooling it changes to the nanotwinned 10M with apparent
lattice parameter a′, where b < a′ < a. Approaching the
transformation to 14M, the 10M structure starts re-stacking
resulting in re-splitting of the (400)’ line.
Coarse {100) or a/b twins occurred after the martensitic
transformation. During further cooling, the twins gradually
refined, Fig. 3. Using adaptive diffraction condition [Wang,
2006] we determined that the nanotwin size was less than
17 nm [Straka, 2017]. Detailed study of diffraction satellites
(see also Fig. 1) indicates the nanotwin width of about 17
atomic planes or 3.5 nm.
The formation of the {110) nanotwins is facilitated by
extremely low twin boundary energy of 0.16 meV/Å2

as obtained from ab-initio calculation. We identified the
particular region in the phase diagram where the nan-
otwinning occurs. The extrapolation of our results in phase
diagram suggests that the {110) nanotwinning may also
appear in stoichiometric Ni2MnGa alloy, which has not
been considered before.

CONCLUSION
The existence of {110) nanotwinning can have a strong
impact on any study attempting to determine or refine the
structure of Ni-Mn-Ga martensite, since, in the case of
nanotwinning, the diffracted pattern is distorted and false
crystal symmetries can appear. For any structural study on
Ni-Mn-Ga it is critically important to recognize, whether
the nanotwinning occurs or not for the particular alloy
under investigation.
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Figure 3: The evolution of {110) twin pattern (hor-
izontal band contrast) with decreasing temperature in
Ni50Mn27Ga22Fe1 10M martensite. The observations were
made using channeling contrast of BSE in SEM [Heczko,
2017].
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