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Magnetic-field-induced strains and magnetic properties
of Heusler alloy Ni 52Mn23Ga25
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Large magnetic-field-induced strain~MFIS! of 22700 ppm has been obtained from the Heusler
alloy Ni52Mn23Ga25 at 300 K. The temperature for structure transformation was confirmed by three
types of magnetic measurements. A burst of MFIS up to 5400 ppm could be induced by rotating a
steady field of 1 T. In the martensitic phase, the material have a high saturated magnetization of 66
Am2/kg and a high anisotropy of 0.8 T. The variant reorientation mainly occurred in the region of
0.2–0.8 T. The large MFIS is sensitive to temperature, suggesting that it can only be induced when
martensite and parent phase are coexisted. ©2000 American Institute of Physics.
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I. INTRODUCTION

Heusler alloy Ni2MnGa is a ferromagnetic material ex
hibiting a martensitic phase transformation and the sh
memory effect.1,2 A spontaneous deformation of the cryst
lattice can be produced by martensitic transformation
Ni2MnGa, upon lowering the temperature. This lattice def
mation is about 6%,1 which is about one order of magnitud
higher than that of the giant magnetostrictive mater
~Tb,Dy!Fe2.3 Therefore, it is expected that Ni2MnGa would
have a large macroscopic deformation in response to the
plied magnetic field, which is similar to the magnetostricti
effect. Single crystals of Ni2MnGa have exhibited a
magnetic-field-induced strain~MFIS! of about22000 ppm
in an external field of about 1 T turned from@001# to @110#
directions of the sample at28 °C,4,5 showing a potential ap
plication for the new actuator material. In this paper,
report a large MFIS of22700 ppm from the single crystal o
Ni52Mn23Ga25 in a field of 2 T at 300 K and a netMFIS up
to 5400 ppm in a rotating field of 1 T. Based on the expe
mental results, the mechanism and the environment fo
large MFIS is also discussed.

II. EXPERIMENTAL PROCEDURE

Since the transformation temperature of Ni2MnGa is
about 200 K, quite lower than room temperature, the co
position of Ni52Mn23Ga25 variated from the stoichiometric
Ni50Mn25Ga25 are adopted in this work to elevate the ma
tensitic transformation temperature to 300 K and higher6–8

All samples used in this work are single crystals grown
the Czochralski method. The starting material for the crys
was prepared from metal elements Ni, Mn, and Ga with
rity of 99.95%. The as-grown crystals were treated at 850
for 2–4 days and then were quenched in icy water. T
samples were cut to 13133 mm for magnetic measuremen
by ac susceptibility, vibrating sample magnetometer~VSM!,
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and SQUID. Samples of 239312 mm pieces with the
lengthways axis parallel to@001# direction were used for the
strain measuring by strain gauges.

III. RESULTS AND DISCUSSIONS

Figure 1 shows ae-H curve, the longitudinal strain as
function of magnetic fields applied in@001# direction of the
sample. A strain of22700 ppm has been obtained with a
applied field of 2 T at 303 K.This strain was reversible whe
the field was reduced to zero, and reached a saturation l
at about 0.8 T, suggesting that the observed strain
caused by an external field as MFIS, not a strain caused
martensitic transformation. This MFIS is much larger th
the magnetostriction of Tb0.3Dy0.7Fe2 single crystal~1600–
2000 ppm!.9

FIG. 1. Longitudinal MFIS of Ni52Mn23Ga25 single crystal as a function of
the magnetic field applied along the lengthways axis of the sample at 30
2 © 2000 American Institute of Physics
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We also found that the longitudinal MFIS value becam
12700 ppm, with an opposite sign and an equal value, w
the field applied laterally to the sample. Therefore, a preli
nary experiment was carried out by rotating an steady fi
of 1 T around the sample from the@100# to @001# directions.
The result is shown in Fig. 2. For each revolution of t
rotating field, four bursts of MFIS, with a net magnitude
5400 ppm were induced. This property is useful for so
specific applications, such as magnetic buffer and sonar
vices.

Figure 3 shows the ac susceptibility and magnetizat
as a function of temperature, namely thex-T and M -T
curves, respectively. Thex-T curve shows two sharp kink
at 308 K in the cooling run and at 314 K in the heating ru
respectively@Fig. 3~a!#. TheM -T curve@Fig. 3~b!# measured
by SQUID with a field of 0.05 T in a heating run exactly fi
to the corresponding branch in thex-T curve. Since the mag
netically ordering is stringently followed the crystal lattic
deformation,10 the sharp kinks in abovex-T andM -T curves
consistently revealed the critical temperature at which
structure transformation between a cubicL21 structure and a
tetragonal structure1 was occurred in our material.

Figure 4 shows theM -H curves measured by VSM a
the different temperatures. The apparent difference in int
sic magnetic properties between the two phases clearly i
cated a reorientation of the magnetic moment, when the t
perature elevated through 314 K. The martensitic phas
lower temperature exhibited a high magnetization of
Am2/kg and a high anisotropy field of 0.8 T, but both d
creased to 48.5 Am2/kg and 0.15 T for the parent phase
higher temperature. A high saturated magnetization of
martensite is important for high Zeeman energy driving
twin boundary motion and establishing a large MFIS.10 The
ferromagnetism of Heusler alloy Ni2MnGa mainly comes
from the moment of Mn atom which can provide an effecti
paramagnetic moment of 4.75mB .1 Surprisingly, with less

FIG. 2. MFIS created by rotating a steady field of 1 T from @001# to @100#
direction of the sample. Inset is the configuration of the sample and
applied field.
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Mn content in our crystals, the saturated magnetization m
sured at 300 K was higher than that of the stoichiometri
composition of Ni50Mn25Ga25.1,4 The magnetic structure o
this kind of material is complicated.10 The disordered occu
pation of Mn atoms and the content of Ga may also be
portant factors affecting the magnetism. We have observe

e

FIG. 3. Temperature dependencies of~a! ac susceptibility of Ni52Mn23Ga25

in a field of 2 Oe and~b! magnetization measured by SQUID in a field o
0.05 T.

FIG. 4. M -H curves measured at the various temperatures in a heating
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lower saturated magnetization in the samples which were
treated by the annealing and quenching. Our result sugg
that the ferromagnetism of this material may be not o
related to the content of Mn, but also to the atomic sites
the situation of conduction electron provided by Ga and
Details of the magnetic properties with variated compo
tions will be published elsewhere.

The large MFIS was attributed to the movement of t
twin boundary and the reorientation of the martensitic va
ants by the applied field.4,5,11 Comparing thee-H curves
with the M -H curves, the mechanism of the MFIS in th
different level of the field can be analyzed. Increased
field from zero to about 0.2 T at 300 K, the magnetizati
showing a large slope inM -H curve was in a process dom
nated by the domain wall movement~Fig. 4!. The strain of
2650 ppm obtained in this region should mainly come fro
the magnetostriction of martensitic variants~Fig. 1!. In the
field of 0.2–0.8 T, the magnetization increased from ab
35 to 60 Am2/kg with a relative low slope, while a net strai
was about21800 ppm in this region. This large gained stra
accompanying with a relative low increase of magnetizat
implies a process dominated by variant reorientation. In
field of 0.8–1.2 T, both strain and magnetization had lit
increase, suggesting a saturation process for mom
aligned by the external field.

Our MFIS measurements also revealed that the M
was sensitive to temperature. A strain was only about2300
ppm at 309 K, which might be a magnetostriction of t
parent phase, not a MFIS. When the temperature was
ered from 306 to 275 K, the MFIS decreased gradually fr
22700 to21000 ppm. The MFIS of22700 ppm was only
seen in a temperature range of 300–306 K. This phenom
may be explained as follows. Websteret al. reported the op-
tical microscopic observations that the variants nucleated
grown up gradually after the transformation occurred. Bef
the variants filled in the whole space of the sample, th
number and size kept increasing, showing a continuous
cess in a narrow temperature range.1 We thought that the
similar process occurred in our crystals in the tempera
range of 300–306 K. In this temperature range the varia
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had not yet occupied the whole volume of the sample;
martensite variant and parent phase were co-existed.
variants possessed a suitable number and size, providi
good environment for the twin boundary motion and ev
possible motion of the phase boundary for such large MF5

IV. SUMMARY

A single crystal of Ni52Mn23Ga25 presented a martensiti
transformation at room temperature. The structure trans
mation temperature was confirmed by measurements o
susceptibility, VSM and SQUID based on the reorientati
of magnetic moments. Large MFIS of22700 ppm has been
obtained at 303 K. A net MFIS of 5400 ppm was induc
when a 1 Tapplied field was rotated from@100# to @001#
directions of the sample. The large MFIS was mainly co
tributed by the reorientation of the variants and was hig
sensitive to the temperature. We propose that the large M
can only be established in a special environment where m
tensite and parent phase are coexisted.
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