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Fig. 1 Schematic illustration of melt-extraction technique(a)
and diagram of step-wise heat-treatment(b): 1—Metal roller;
2 — Induction heating coil; 3 — BN crucible; 4 — Alloy
cylindrical rod; 5—Alloy molten metal; 6—Linear stepper

motor; 7—Ceramic cylinder
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Fig. 2 SEM images of microwires after chemical ordering

treatment: (a) Fracture surface; (b) Free solidification surface
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Fig. 3 TEM images of microwires after chemical ordering treatment: (a) Austenite structure of x=2 microwire; (b) Diffraction
pattern; (c) Martensite structure of x=4 microwire; (d) Diffraction pattern; (¢) Martensite structure of x=6 microwire; (f) Twin crystal
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Fig. 4 XRD patterns of microwires after chemical ordering
treatment: (a) Austenite structure of x <4 microwire; (b)

Martensite structure of x=4 microwire
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Fig. 5 MT of Ni-Mn-Ga-Fe microwires after treatment
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Fig. 6 MT of Ni-Mn-Ga-Fe microwires after treatment: (a)
Effect of Fe content on MT temperatures; (b) Effect of e/a on

MT temperatures; (c) Effect of Fe content on hysteresis
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Fig. 7 Tensile curves of NispMn,sGayFes microwires for

as-quenched, as-annealed and undoped microwires
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Fig. 8 Fracture morphologies of NisoMn,sGa,,Fes microwires: (a), (b) For as-quenched; (c), (d) For treatment
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Effect of chemical ordering annealing on
Ni-Mn-Ga-Fe shape memory microwires

LIU Yan-fenl, LIU Xiao-hual, MA Linl, YANG Lii-hual, WEN Ya-xian, 1, SONG Chao- unl,
g q
ZHANG Xue-xiz, SUN Jian-fei?

(1. Department of Physics, Qiqihar University, Qiqgihar 161006, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The polycrystalline NisoMn,sGays—Fe, (x=1, 2, 3, 4, 5, 6, mole fraction, %) microwires with diameter of 40—
50 pum and length of 5—10 cm were prepared by meld extraction technique. A step-wise chemical ordering annealing heat
treatment was carried out. The microstructure and composition of microwires were characterized using field emission
scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffractometry (XRD). The phase
transition behavior and mechanical properties were tested using differential scanning calorimetry (DSC) and dynamic
mechanical analyzer (DMA). The results show that, after heat treatment along with the increase of the Fe doped, the
microwires have realized from the austenite phase to the martensite phase transformation. The annealed microwires have
different crystal types, the martensite exhibits straight clear twin boundary, and the atomic ordering increases. The
annealing increases the transformation temperature and decreases the transformation hysteresis, and makes martensite
transition easier. The annealing improves the tensile strength and breaking strain. Comprehensive analysis illustrates that
the microcosmic mechanisms of Fe doping and ordering heat treatment affect the microstructure, phase transition
behavior and mechanical properties.

Key words: shape memory microwires; melt extraction; martensite transformation; chemical ordering annealing;

mechanical properties
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