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Abstract: High-temperature shape memory alloys (HTSMAs) have considerable potential for applications in many fields,
such as automotive, aerospace, manufacturing and energy exploration, as they simplify the design and improve the operation-
al efficiency of mechanical components. In practice, in addition to high phase transition temperatures, HTSMAs are required
to possess large recoverable strains, long-term stability and resistance to plastic deformation and creep. However, as temper-
atures rise, these requirements become increasingly difficult to meet. In addition, the poor processability and high raw mate-
rial costs associated with this class of alloys present a significant challenge to their industrialization. Nevertheless, composi-
tional control, alloying, thermal-mechanical treatment and the development of new preparation processes have led to some
progress in the study of HTSMAs. Among the HTSMA
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Table 1

Summary of high-temperature shape memory alloy system“’]

HTSMAs system

Characteristics

Ti-Ni-base . . Lo
1mbase tion hysteresis and poor machinability

Co-Al-base

Co-Ni-base

Ti-Ta-base
Cu-base
Zr-base

Ni-Al-base

Ti-Ni-Pd and Ti-Ni-Pt have large shape memory strains (5% ) and high raw material costs. Ti-Ni-Hf has a large phase transi-

Simple to prepare, but with a large phase transition hysteresis and a non-thermally elastic martensitic transformation
Good shape memory effect and superelasticity, but low tensile strain and poor machinability

Easy to process, corrosion resistant, but poor thermal stability

Simple to prepare, low cost, large shape memory effect, but poor thermal stability and poor processability

Good plasticity, better cyclic stability, but large temperature hysteresis, complex process, and poor shape memory effect

Small temperature hysteresis, low cost, but poor plasticity, and is prone to phase decomposition at high temperatures

The shape memory effect is better, but the tensile properties are poor. Among those, Ni-Mn-Ga has a low cost of raw materi-

Ni-Mn-base
for application

als, a high and easily adjustable phase transition temperature, and a large recoverable strain, which has great potential
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Fig. 1 ~ Compressive stress-strain curves of Nis (Ti,, 4Hf,5 ( samples

[36]

after different heat treatments . (a) solution treatment,

(b) aging at 500 °C for 4 h
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Fig.2 TEM images of Nigy 3Tisg ;Zr,, and its stress-strain curves in

different states > #7 .

and water-quenched specimen ( NTZ550WQ) aged at 550 °C for
h , (b) bright-field TEM image of primitive state, (c)
bright-field TEM image of NTZ550WQ

: (a) stress-strain curves of pristine state
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Fig. 3  Strain-temperature curves of Nis)Ti,,Hf,, specimens in different treatment states for 100 thermal cycles at 200 MPa
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(a) after hot extrusion, (b) cold rolled 15% followed by annealing at 550 “C for 30 min
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Microstructures and schematic diagrams of grain morphology of
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microwire in various alloy systems
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schematic diagram and cross-sectional morphology of grains in

Ni-Mn-Ga microwire
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