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Abstract: Fe-Mn-Al-Ni based shape memory alloys exhibit an extremely low temperature dependence of
the critical stress for martensitic transformation and display an ultra-wide superelastic temperature range
(from —263 °C to 240 °C ). Therefore, these shape memory alloys show promising applications in
aerospace, space exploration, vibration and seismic damping, and other environments with variable
working conditions. In this work, the main factors affecting the superelasticity of Fe-Mn-Al-Ni based
shape memory alloys are reviewed and prospected. Since the precipitation of the coherent B2 nano-phase
plays a key role in the martensitic transformation from non-thermoelastic to thermoelastic in Fe-Mn-AI-Ni-
based shape memory alloys. The mechanism by which the coherent B2 nano-phase modulates the
martensitic transformation of Fe-Mn-Al-Ni-based shape memory alloys and the related progress of its size
regulation are firstly discussed. Since the superelasticity of Fe-Mn-Al-Ni-based shape memory alloys is
known to be positively correlated with the grain size, the preparation of single crystals is a prerequisite for
achieving excellent superelasticity. Therefore, the single-crystal growth studies of Fe-Mn-Al-Ni-based
shape memory alloys in recent years are reviewed. Then, the functional properties of single-crystal Fe-Mn-
Al-Ni-based shape memory alloys are summarized. Finally, the further research and development of the
Fe-Mn-Al-Ni based shape memory alloys, such as the regulation mechanism of the coherent B2 nano-
phase for martensitic transformation, the further development of large-size single crystals, and the
improvement of the natural aging and cyclic superelasticity stability, are prospected.

Key words: Fe-Mn-Al-Ni based shape memory alloy ; martensitic transformation ; coherent B2 nano-phase;
grain size ; superelasticity
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Fig.1 Schematic illustration of three possible scenarios for the behavior of coherent nano-phase in the matrix under martensitic transformation
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Table 1  Abnormal grain growth behaviors of Fe-Mn-Al-Ni based shape memory alloys

Alloy compositions

Type Size Ref.
(atom fraction/ %) P
Fe-34Mn-15A1-7.5Ni Flat (30 mm X 7 mm X 1 mm) Single crystal [72]
Fe-34Mn-15A1-7.5Ni-1.5Ti  Bar (6.3 mm in diameter, 22220 mm in length) ~ Single crystal [57]

Fe-34Mn-15A1-7.5Ni-1.5Co
Fe-34Mn-15A1-7.5Ni-2Mo
Fe-34Mn-15A1-7.5Ni-0Cu
Fe-34Mn-15A1-7.5Ni-3Cu

Flat (200 mm X 25 mm X 4 mm)
Flat (60 mm X 15 mm X 3 mm)
Flat (60 mm X 15 mm X 4 mm)
Flat (60 mm X 15mm X 4 mm)

Maximum grain size exceeding 50 mm in length direction [ 74]
Maximum grain size exceeding 40 mm in length direction  [58]
Maximum grain size in cross-section: 26.4 mm [75]

Maximum grain size in cross-section: 228.2 mm

3 BEEFe-Mn-AINiZEFERKIZIZE £ B INEE
HERERE

31 RAIEN[E XY B R Fe-Mn-Al-Ni £ RIZIZEE
sk Redsab=A1 |

i B B[] X B, Fe-Mn-Al-Ni S MR8 124 4
()RR L LA AR A, 3 20958 TG Y T AN [ iy
o B[] A4 84 5 Fe-Mn-Al-Ni Z5 IR IC12 & 4 10 % iR

RE T AR Ty AR T i) 1 S FQ AR e 22 i 10 )
(ow) IR KR 3L 01 2 10 28 (e ) A [ B W 2E (&) 5 LA X
X IO [18) A A FLR 285 199587677 aT U Y, Fe-Mn-Al-
Ni FETEARICAZ A 4 Hh 5 i 1 SR B ) DA i 28 07 =X
X5 41 o Fl e A B KFE M . Fe-Mn-Al-Ni £ JE
RICIC A A B R AE R 25 T VR [ 100 ] 4 1) 2 3
i e M 3.6 % W[ 123 ] fh el W I T 7.8 %6 Y eeo
FERAE AT, [100] & 1) ) B ik B ) e B 7.2%,
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A/ 5 AR ST AL 75 5 77 A R B, 3 SR B £ T FLAE
LR, BRI T 5 [RAR AR R ) o e, 5:30[100]
D7 [ AR AR TR SR 5t Ny AR B A T RS (. e
HAh& 4t E 25, Fe-Mn-Al-Ni #L88 BIRRi0 12 &

FURTAOBIFSE , h FC AR (A A 8 45 BT o i) 1
N7 AR SRR 2T B, A EE AR S
IR Y AR AT R R 2B 2Rl B
PRAZAA, LA i R/ B B 7= A2, IACTT R B B4 Y
AR, PR B A T S OR A RERg
A B AR AR AL AN [7] , S B0 [v) At M XU 4 i
PERA R 25 . NI, S UM RERG A 3 22 il 3l
L FAMAAR PRI SREIRE) AR TF3RAS B R AR L
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Table 2 Superelastic behavior of single-crystal Fe-Mn-Al-Ni based shape memory alloys with different grain

orientations deformed at room temperature with different loading states

(A;:zzlcfjar:if;?;: Orientation ;\[/[I/’a e/ % E.../% Loaded state Heat treatment Ref.
Fe-34Mn-15A1-7.5Ni [100] 418 36 0.4 Tensile ST +200°CX3h [39]
[122] 640 4 0.4 Tensile ST + 200 °C X3 h [77]
[123] 396 7.8 0.4 Tensile ST + 200 °CX3 h [39]
[100] 293 7.2 1.7 Compression ST + 200°Cx3h [76]
[111] 1232 1.0 1.0 Compression ST + 200 °CX3h [76]
[122] 893 2.0 0.1 Compression ST + 200°CX3h [77]
[123] 486 5.7 1.6 Compression ST + 200°CX3h [76]
Fe-34Mn-17A1-7.5N1 [137] 554 7.1 2.9 Compression ST + natural aging for 5 months [56]
Fe-33Mn-17A1-6Ni-0.15C [137] 454 84 0.5 Compression ST [55]
[013] 537 8.0 0.2 Compression ST
[124] 574 8.1 <0.1 Compression ST
[114] 376 7.7 <0.1 Compression ST
[236] 442 8.0 <0.1 Compression ST
[149] 393 7.8 <0.1 Compression ST
[025] 539 7.9 0.1 Compression ST
[1912] 368 6.9 0.5 Compression ST
Fe-34Mn-17A1-7.5Ni-1.5T1 [2312] 901 6.7 1.3 Compression ST [57]
Fe-34Mn-15A1-7.5Ni-2Mo [412] 420 55 1.9 Compression ST [58]
[120] 410 4.8 2.5 Compression ST
[143] 500 4.4 2.6 Compression ST

Note: ST stands for solution treatment
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