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Fig. 1 XRD patterns of NissiMns; Gaszi—, as-quenched samples
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Tab.1 Lattice parameters, tetragonality and electron concentration of martensite in Nis, 4, Mnys Gas . alloys

Lattice parameters /nm Volume fraction of phase /%
Alloys Martensite Y Phase e/a
Martensite Y Phase
a c c/a a

Niss Mngs Gagy 0. 782 0. 648 0. 829 — 7.78 100 0
Niss Mngs Gago 0.771 0. 666 0. 864 — 7.79 100 0
Niss Mnys Gayg 0.765 0. 669 0. 874 — 7.89 100 0
Nigz Mnys Gasg 0.761 0.676 0. 888 0. 364 7.99 86.53 13. 47
Niss Mnys Gai, 0. 757 0. 681 0. 900 0. 363 8. 06 64. 74 35.26

2 A Niss xMngs Gagy & @0 RMALL, 2 23 i, &8 m KM 7 2R 5 A4 i, IF 2 A
PMEIESHES SR RS T AR . 4 Ni & il 57at0 (a=3) B, & &0 AR A 2 5 0K A )2
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Tab. 2 Composition of martensite and ¥ phases in Nisy | x Mna; Gasx—, alloys by EDS

Composition of M /(at%) Composition of ¥ /(at%)
Alloys

Ni Mn Ga Ni Mn Ga
Niss Mngzs Gaz: 53.65 25. 87 20. 48 - - —
Niss Mnzs Gazo 54.91 26.01 19. 08 — — —
Niss Mnzs Gayg 55.50 25.96 18. 54 — — —
Nis; Mnzs Gagg 55.93 25. 86 18. 21 63. 54 24. 35 12. 11
Nisg Minys Gay; 56. 65 25.46 17. 89 64.79 24. 20 11.01

HHHE Nizo Mnos Gagy 8 45 o 0 R B I3 18 B0 X6 < J i il 6 T B 47 17 o0 3 i 1
LA VRS BTV w111 e A=A 1 S DR TRt I 1 B ST ¢ SRR AN N R 6 7 o (I S 2 W T
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Fig. 2 Optical micrographs of microstructures of Nis;+;Mny; Gas , at room temperature:
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Fig. 3 Elemental mapping images of Ni, Mn and Ga: (a) Nis; Mngs Gaz, alloy; (b) Nisg Mng; Garr alloy
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Fig.4 (a) Band contrast micrograph and (b) crystallographic orientation micrograph of Niss Mnas Gazo

alloy measured by EBSD at room temperature; (¢) Zoomed crystallographic orientation micrograph of the area
enclosed with the dashed white rectangle in (b). Four differently oiented martensite plates (orientation variants)

are labeled as A, B, C and D.
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Tab.3 Mean and maximum orientation deviations from mean orientations for

four martensite variants A, B, C and D in Fig. 4(c), represented in minimum rotation angle

Variant Mean orientation Mean deviation Maximum deviation
A (356.334°,11.912°,18. 206°) 0.534 0. 864
B (136.347°,20. 948°,239. 90°) 0.525 0.736
C (173.483°,28.076°,70.919°) 0. 345 0.532
D (135.570°,49. 247°,101. 691°) 0.663 0. 982

Zr LAl LIS A 5 AR A2 iR AVBLC.D #-F- 2B (mean orientation) . F- B B[] {25 (mean
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AN G PG AR A2 1A 19 B0 ) R S g R g o 32 BT R I T AT Rz £ ok s I DA, 8 4 1 D 2 22 [ g B
] 22 W] DL BE R oR R

Ag =S g Xg XS,
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Tab. 4 Misorientation angle (), rotation axis r and deviation angle between martensite variants

) ) Maximum . . .
Variant pair o . Rotation axis r Deviation angle
misorientation angle 0

A:B 179. 744° [—0.188,—0.189,0.964]  0.597° from normal to (112)
: C 179. 898° [—0.882,—0.324,0.324] 0.125° from [111]
: D 163. 628° [0.830,—0.294,—0.473] —
B:C 168. 145° [0.919,0.380,—0. 102] —
B: D 177.960° [0. 909, —0. 341,0. 242 0.138° from [111]
C:D 179. 760° [—0.186,—0.191,0.963]  0.655° from normal to (112)

X DA B [CARAE R A (BLC LD H P 5 22 18] 04 B 22 77 LASE 5 - 35 B ) R B 25 0 3SRy, L2
RO 4, IR EN DUy GRS R 0 6 BR 1 L B B 25 AL 2 R 2. TE AR 2 HUA 25 b R B
A5 BAS5C.BE5D.CHDZM&HE—A 180°He % il , A% 22 5 09 /2 X, 25 5 5 3K 2 [1] 5 LA S 5l
JERE 180° XS B » Mt AT LA 2% J& 3R 1 [C AR i 2 ] 1 Ry 25 2R A OG . AR 4 Bilby-Crocker 284 Bty , AT LUB &
A5 C.BEDZH W [ K25, H2sdkmly Ki=( 1D ,A 5 B.C5 D ZE R4 K285, s
i p=[112]. M A5 D.B5 CZMEAZEEXLR,
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Fig. 5 DSC curves of the Nisy |, Mny; Gag—, alloys
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Tab. 5 Martensitic transformation temperatures of Nisi+, Mnys Gas . alloys

Alloys M,/CC)  M;/CCCH)  A/CCH)  A/CC) AH/CC)H
Nisys Mnzs Gaz 247 222 249 295 48
Niss Mnzs Gazo 311 289 339 364 53
Niss Mngs Gayg 354 307 362 418 64
Nis; Mngs Gas 428 390 453 502 74

Niss Mnys Gayz 455 430 508 534 79
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2 6 NisirMnys Gan & & BB RICIZHERE
Tab.6 The SME of Nis;+,Mny; Gasy . alloys

Alloys € €u Eane €u I
Nis; Mnys Gan 4% 3.31% 3.09% 0.69% 98%
6% 5.08% 4.59% 0.92% 92%

8% 6.88% 5.53% 1.12% 90 %

Niss Mngs Gazo 4% 3.15% 2.45% 0.85% 78%
6% 4.92% 3.48% 1.08% 71%

8% 6.66% 4.41% 1.34% 66 %

Nise Mngs Gae 4% 3.09% 2.25% 0.91% 73%

6% 4.85% 3.42% 1.15% 70%
8% 6.46% 4.21% 1.54% 65%

Nis; Mngs Gasg 4% 3.02% 1.65% 0.98% 54%
6% 4.76% 2.46% 1.24% 52%
8% 6.42% 3.18% 1.58% 50%
Niss Mngs Gayr 4% 2.95% 0.69% 1.05% 24 %
6% 4.56% 1.05% 1.44% 23%
8% 6.37% 1.13% 1.63% 18%
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Effects of Ni content on phase transformation behavior
and mechanical properties of Ni;, . Mn,;Ga,; , high

temperature shape memory alloy

HAO Yu-xiao, TONG Wei, XU Jun, PENG Liang-ming
(CAS Key Laboratory of Mechanics Behavior and Design of Materials, Department of Modern Mechanics, University of Science and
Technology of China, Hefei 230027, China)

Abstract: Influences of Ni content on the martensitic transformation behavior, microstructure and
mechanical properties of polycrystalline Nis; | ,Mny; Gas—, (x=0~4) high-temperature shape memory
alloy was investigated. A single martensite phase with tetragonal crystal structure for x<Z3 was
obtained whereas the alloy with x==3 exhibited dual phases of martensite and face-centered cubic Y
phase. Each martensite colony is composed of four variants with different orientations, which are
related to one another by either type-lI or typeIl twin relation. Martensitic transformation
temperatures were improved dramatically with increasing Ni content, which can be attributed to the
combinative effects of increasing electron concentration and tetragonality of martensite. Higher Ni
addition led to the formation of ¥ phase, resulting in significant improvement in both compressive
strength and ductility. In contrast, the shape memory effect and recovery ratio for the alloy containing
higher ¥ phase were reduced sharply. Therefore, the trade-off among strength, ductility and shape
memory effect should be taken into account in further investigations.

Keywords: Ni-Mn-Ga alloy; shape memory effect; microstructure; martensitic transformation;

strength and ductility



