B E R R
MATERIALS CHINA

B3 H3M

2012 4E3 H Mar. 2012

FHE4 )

MK EEMRAARER

Eaa' TRA, &4
(1. dbEBT R=ZEMBZEE, JbE 100081)
(2. bEEB ORI AL B OLEPRE &I T ERE ALK, JLag 100088 )

OB WEIKSNATAEBERER S T R FC A (A o HE SRS — OIS 7 A (T AR AL R A AR 0 A, e Bkt
TEARICAL S REBA G S BRI . Heusler B Ni-Mn-X (X = Ga 8¢ In) REZUKSIHIAE S SADRH A REBVEN R | RERHE S . X
Jo7 538 P MR AT AR, e AR N B BT A A R A S A o ) OGB4 T E N Ah Ni-Mn-Ga, Ni-Co-Mn-In. S8R M4 55 7% 4K
SARAE AR AT ST, LA B AR ABUZR ) o BB X ST R AT 6 A o B SR O BE SRS AR S bR B L AP S . Be, R T
YRS & S FORH R R

KB : BURSIARAS ; BEEAE A TIRIRARIAS; BARICIZE 4 Bk

b E9EE: TGI139.6 XHEEFRIZAD: A XEH/S: 1674 -3962(2012)03 -0015 - 11

Progress of Magnetic Field-Driven Phase
Transformation Materials

NIE Zhihua', WANG Yandong', LIU Dongmei’

(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)
(2. State Key Laboratory for Fabrication and Processing of Nonferrous Metals, General Research Institute for

Nonferrous Metals, Beijing 100088, China)

Abstract: Magnetic field-driven phase transformation material is a class of smart material which combines the functional
behaviors of ferroelastic shape memory and magnetostriction. The large magnetic field-induced strain obtained in magnetic
field-driven phase transformation materials can be achieved through two mechanisms, which include reorientation of mar-
tensitic variants caused by the magnetic field-induced twin boundary motion and shape memory effect via magnetic field-in-
duced first order phase transformation. Heusler-type Ni-Mn-X(X = Ga or In) magnetic field-driven phase transformation
alloys are potential candidates for magnetic sensors and actuators, owing to their large magnetic field-induced strain, high
energy density and rapid response and so on. The research progresses of magnetic field-driven phase transformation materi-
als, including Ni-Mn-Ga alloys, Ni-Co-Mn-In alloys and antiferromagnets, are summarized. And recent researches from
our group are introduced, which are focused on in-situ studies of magnetic field-driven phase transformation materials using
high-energy x-ray diffraction and neutron scattering techniques. At last, future trends of magnetic field-driven phase trans-
formation alloy are prospected.
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Fig. 1  Relationship between Curie temperature and chemical

composition in Ni-Mn-Ga alloy
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Fig. 2 Functional phase diagram in Ni-Mn-Ga alloy system
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Table 1 Atomic positions of Ni-Mn-Ga alloy in the parent phase
Atoms Wyckoff letter X Y A
Ni 8c 1/4 1/4 1/4
Mn 4b 172 172 172
Ga 4a 0 0 0
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Fig. 3 Projection on (001) of the ideal L2, Heusler alloy structure:

(a) the L2, cell, (b) the body centered tetragonal unit cell,

and (c) ~ (d) the two orthorhombic super-cells
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Table 2

Parameters for Ni-Mn-Ga single crystals

Morphology of martensite

10M NM 14M

Composition ( atomic percentage )

Lattice parameters/nm

Cell volume/nm*
1-c¢/a/%
Twinning stress/MPa
3

Magnetocrystalline anisotropy/10° J « m ~

Magnetic field induced strain/%
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Nisy, | Mny; 3Gayg 6 Nigg s Mnyg 7 Gay,
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¢=0.559 ¢=0.658 ¢=0.553
0. 197 0. 196 0. 199
5.89 20.5 10. 66
1 12 ~20 1.1
1.45 -2.03 1.6
5.8 Less than 0. 02 9.4
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Fig. 4 Field dependence of magnetization in singlevariant martensitic Ni-Mn-Ga crystal with field applied parallel and

perpendicular to easy-axis
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Fig. 6 Distribution diagram of three-dimensional reciprocal space

characteristic spots for super-elasticity behaviours of Ni-Mn-

Ga studied by high-energy X-ray diffuse scattering
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