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Detwinning of hierarchically structured martensitic variants in a directionally
solidified non-modulated Ni-Mn-Ga alloy under uniaxial loading
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The detwinning evolution of hierarchically structured martensitic variants in a directionally solidified non-mod-
ulated Ni-Mn-Ga alloy has been investigated by applying uniaxial compression parallel to the parent [001]A ori-
entation with a cumulative strain of 3%, 7.3% and 10%, respectively. After each compression, the crystallographic
orientations are obtained by manually indexing the Kikuchi patterns and the corresponding twinning relation-
ships between the variants are also calculated. The results indicate that for both the intra-platemajor-minor var-
iants and inter-platemajor-major variants, the detwinning occurs on the twinswith high Schmid factor, resulting
in a martensite only composed of favorable variants with [110]NM orientation parallel to the compression
direction.
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Ferromagnetic Ni-Mn-Ga alloys have attracted much attention due
to the excellent magnetic shape memory effect (MSME), being con-
ceived as promising sensor and actuatormaterials [1–4]. The largemag-
netic-field-induced strain (MFIS) can be attainable through field-
induced twin boundary motion [2,5–7]. The large MFIS, almost equal
to the theoretical maximal value, has been achieved in the modulated
martensite (e.g. 6% in 5 M martensite and 10% in 7 M martensite) [2,
8]. In general, non-modulated (NM)Ni-Mn-Ga alloy is thought to be im-
possible to exhibit large MFIS, due to high twinning stress [9], although
its theoreticalmaximal value is up to ~20% [10]. Recently, through effec-
tive magneto-mechanical training [11] or alloying with other elements
(i.e., Co and Cu) [12], an obvious MFIS can be obtained in the NM Ni-
Mn-Ga alloys. However, the untrained, self-accommodated NM mar-
tensite is composed of a hierarchically twinned microstructure, where
higher-order, smaller twins form within lower-order twins [13–15].
The martensitic plates are composed of alternately distributed thick
and thin nano-lamellae, labeled as major and minor variants [16]. It
has been determined that there exist two typical martensite variant
groups, composed of parallel plateswith straight edges andnon-parallel
plates with bent edges, denoted as Group I and Group II for easy

depiction. An important pre-requirement for giant MFIS to occur is to
simplify the self-accommodated martensite structure [17,18]. This pro-
cess, termed training, is usually done by uniaxial compression tests
along the〈001〉 crystallographic directions referred to the high tem-
perature austenite phase in a proper sequence. Nowadays, the training
process of as-grown Ni–Mn–Ga single crystals is done frequently and
has been analyzed to some extent [13,19,20]. Particularly, the
detwinning evolution of NM Ni-Mn-Ga thin film under tensile stress
has been successfully observed by in situ transmission electron micros-
copy (TEM) [21–23]. However, the exact information about the
detwinning evolution of the hierarchical twin microstructure under
compression, especially with respect to the compression direction, is
lacking. Moreover, during the detwinning process, the twin relation-
ships between variants pairs are also quite necessary. To understand
the underlying detwinning mechanism in the hierarchically structured
NMmartensite, systematic crystallographic characterization and corre-
sponding twinning relationships of themartensitic twins are investigat-
ed. In this paper, using mostly the electron backscatter diffraction
(EBSD) technique the detwinning process of a NM martensite during
the consequent uniaxial compression is shown and analyzed in detail.
It is shown that the detwinning occurs on the twins with high Schmid
factor for both the intra-plate major-minor variants and inter-plate
major-major variants, resulting in amartensite only composed of favor-
able variants with [110]NM orientation aligned to the compression
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direction. The present research would bring about not only a compre-
hensive understanding to the martensitic variant detwinning in hierar-
chical structure but also a guideline for martensite training.

Single crystalline Ni-Mn-Ga alloys with the nominal composition of
Ni54Mn24Ga22 (at%) were prepared by arc-melting under argon atmo-
sphere. The alloys were remelted four times and then suctioned into a
quartz tube to obtain a cylinder shaped alloy with 3 mm in diameter
and 150 mm in length. The cylinder shaped alloy was then enveloped
in a high-purity corundum tube with an inner diameter of 3 mm and

length of 200 mm for directional solidification. The samples were pre-
pared by directional solidification through a Bridgman-Stockbarger-
type furnace equipped with a pulling system and temperature control-
ling units. During the experiments the samples in the corundum cruci-
bles were remelted and directionally solidified by pulling the crucible
assembly into the liquidmetal (Ga-In-Sn alloy) cylinder. Then the as-so-
lidified alloy was homogenized at 1173 K for 24 h in a sealed vacuum
quartz tube, followed by the water quenching. The section in stable
growth zone with size of 3 mm in diameter and 5 mm in length was

Fig. 1. (a) EBSDmaps (IPFmode) of a directionally solidified non-modulatedNi-Mn-Ga alloy concluding two typical martensitic variants groups (defined as Group I and II); (b) Schematic
model of the possible twinning plane according to the simplified Bainmodel shown in the austenite cell; (c) and (d) themagnified orientation images corresponding to Group I and II; (e)
and (f) the (001)NM pole figures corresponding to Group I and II. Note that Euler angles of major variant (black) and minor variant (Red) in each martensite plate are measured from
corresponding overlaying Kikuchi patterns.
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