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Table 1 Electron concentration and volume fraction of martensite and y phase in Ni-Mn-Ga alloys

Composition/at% Alloy e/a Martensite/at% elay,, y phase/at% e/a, V1%
Ni;,Mn, Ga,, Mn28-cast 7.90 NiiMn,, Ga,g, 7.83 0
Ni, ,Mn,,Ga,, Mn32-cast 8.06 Nig, Mn,,Ga,; 8.03 Niy Mn,; Ga, 8.40 0.72
Ni;Mn,.Ga,, Mn35-cast 8.18 Niy, ,Mn,, ,Ga, 8.1 Niy, Mn, Ga, 8.37 8.5
Ni;,Mn,,Ga, Mn37-cast 8.30 Niy, ,Mn,, .Ga,, 8.14 Nig Mn,, Ga,, 8.43 20.2
Ni; Mn, Ga; Mn41-cast 8.42 Niy, Mn,, Ga 8.25 Ni, ;Mn,,Ga,, 8.51 62.3
Ni, Mn, Ga,, Ni59-cast 8.13 Ni,, ,Mn,  Ga 8.02 Nig, ,Mn,, Ga, 8.45 25.2
Ni;,Mn, Ga,, Mn28-annealed 7.90 Nig, Mn,, Ga 7.86 - - 0
Ni;,Mn,,Ga,, Mn32-annealed 8.06 Niy, Mn,, Ga 8.02 Nig; ,Mn, ,Ga,, 8.45 0.1
Ni; Mn,,Ga,, Mn35-annealed 8.18 Niy, Mn, Ga 8.09 Nig ,Mn,, Ga, 8.50 2.1
Ni, ,Mn,,Ga, Mn37-annealed 8.30 Ni,, ,Mn,, Gag, 8.18 Ni,, ,Mn,, ,Ga, 8.55 7.3
Ni,,Mn, Ga; Mn41-annealed 8.42 Ni;, Mn,, ,Ga,, 8.3 Ni,, ,Mn,,.Ga,, 8.51 22.4
Nig,Mn, Ga, Ni59-annealed 8.13 Niy, Mn,, ,Ga 8.01 Ni, ,Mn,;,Ga,, 8.43 24
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Fig.1 Morphologies of as-cast and as-annealed Ni-Mn-Ga alloys
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Fig.2 e/a ratio of NM and y (a) and volume fraction of y phase (b) in Ni-Mn-Ga alloys before and after annealing
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Fig.3 BF images (a—b) and corresponding SAED patterns (c—d) of y phase of as-cast Mn37 alloy
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Fig.4 High-resolution TEM image (a) and FFT images (b—d) of y phase of as-cast Mn37 alloy: (b) NL1, (¢) LN1+2, and (d) NL2
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Fig.5 Microhardness of as-cast and as-annealed Ni-Mn-Ga alloys
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Fig.6 Compressive stress-strain curves of as-cast(a—b) and as-annealed (c—d) Ni-Mn-Ga alloys
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Fig.8 Shape memory properties of as-cast (a, ¢) and as-annealed (b, d) Mn28 (a—b) and Mn37 (c—d) Ni-Mn-Ga alloys with the pre-strain of 6%;

shape memory strain vs Mn content (e) and recovery ratio vs Mn content (f)
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Table 2 Shape memory properties of Ni-Mn-Ga alloy with 6% pre-compression

Alloy &/% ep/% Eqne! V0 RI%
Mn28-cast 5.33 1.17 4.17 78.12
Mn32-cast 4.87 2.68 2.19 44.83
Mn35-cast 3.53 2.18 1.34 38.10
Mn37-cast 5.18 4.01 1.17 22.58
Mn41-cast 2.51 1.51 1.00 40.00
Ni59-cast 4.66 3.83 0.83 17.86

Mn28-annealed 5.34 1.84 3.51 65.62
Mn32-annealed 5.03 1.68 3.35 66.67
Mn35-annealed 4.49 3.00 1.50 33.33
Mn37-annealed 4.81 3.15 1.66 34.48
Mn41-annealed 3.16 2.5 0.67 21.05
Ni59-annealed 4.54 4.03 0.51 11.11
Mn37-cast Mp Mn37-annealed
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Fig.9 DSC curves of as-cast (a) and as-annealed (b) Mn37 alloy and variations of martensitic transformation temperature vs Mn content of as-cast (c)

and as-annealed (d) Ni-Mn-Ga-alloys and Ni59 alloy
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Table 3 Martensitic transformation temperatures of Ni-Mn-Ga alloys
Alloy A4/°C 4,/°C 4/°C M/°C M/°C M/°C AH/°C
Mn28-cast 285 343 434 409 309 262 25
Mn32-cast 488 510 532 478 467 437 54
Mn35-cast 464 517 564 512 486 444 52
Mn37-cast 497 549 621 561 512 461 60
Mn41-cast 524 565 665 596 546 490 69
Ni59-cast 467 490 504 439 430 401 65
Mn28-annealed 378 398 415 365 352 336 50
Mn32-annealed 487 513 537 474 459 424 63
Mn35-annealed 558 584 606 541 536 504 65
Mn37-annealed 572 595 619 562 550 523 57
Mn41-annealed 606 637 673 595 585 526 78
Ni59-annealed 484 509 523 457 450 438 66
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Fig.10 Relationships between martensitic transformation temperature and electron concentration of Mn-rich Ni-Mn-Ga alloys: (a) 4, and (b) M,
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Microstructure, Thermal and Mechanical Properties of y Phase in Mn-rich NiMnGa Alloy

Zhou Yuecong, Ouyang Sheng, Deng Cuizhen, Long Jian
(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Brittleness of traditional Ni-Mn-Ga alloy is a marjor obstacle for its practical applications, as actuators and sensors. The Ni-rich Ni-Mn-
Ga alloy can significantly improve the ductility. However, the shape memory strain is significantly reduced. Higher martensitic transformation
temperature, good thermal stability and moderate shape memory property are shown in Mn-rich Ni-Mn-Ga. In the present work, microstructural

feature, mechanical properties and thermal property of Ni;,Mn,,, Ga (x=0, 4, 7, 9, 13) were investigated. As the Mn content increases, the y

28+x
phase appears, with is a face centered tetragonal (fct) structure, and a y grain contains a hierarchical “nano-lamellae forming within micro-
lamellae” microstructure. A micro-lamella consists of two variants, each variant has a pair of nano-lamellae, and they are {011} twin related.
Owing to the introduction of lamellar y, the ductility is improved. With the increase in Mn content, the compressive stress increases from 914 MPa
to 2175 MPa, and the compressive strain increases from 14% to 26%. The martensitic transformation temperature of such series of alloys increases
from 352 °C to 585 °C. For Mn-rich Ni-Mn-Ga alloy, the ductility improvement is inferior to that of Ni-rich alloy, but the martensitic
transformation temperature is higher.

Key words: Ni-Mn-Ga; y phase; substructure; nanotwins; ductility improvement; martensitic; transformation temperature
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