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Abstract;: Ni-Mn-based magnetic shape memory alloys have excellent shape memory effects induced by
the temperature field and magnetic field, superelasticity, magnetocaloric effect, magnetoresistive
effect, elastocaloric effect, exchange bias effect, ezc. As a new type of multi-functional material, it is
expected to be used in many engineering fields such as actuators, sensors and so on. The research
status of Ni-Mn-based magnetic shape memory alloys containing the second phase was described in
detail. The formation of the second phase and its influence on martensitic transformation, functional
performance and mechanical properties were summarized. Several important and unresolved issues
currently were presented, such as the impact of the second phase on magnetic functional properties
including magnetic shape memory effect. It was pointed out that in future work, it is essential to
study the thermodynamic and kinetic factors of the formation and evolution of the second phase, and
properly regulate the second phase so as to optimize the functional properties of the alloys.
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Table 1 Ni-Mn-Sn-based alloys containing the second phase and the characterization of second phase

(except for the ribbon,the alloys are polycrystalline bulks)

Second phase

Sample Processing condition — —
Morphology Type Distribution Crystal structure Composition

Niso— . Mny; Co,Sng (x = Arc melting. Annealed at 900 ‘C  Branching Y Grain boundary  FCC Co-rich, Sn-poor

10,12)L3¢-61 for 6 h

Niszs Cor2 Mny; Sng Annealed at 800 °C for 5 h and Particulate Y Grain boundary FCC Co-rich, Sn-poor

ribbonl34:37] 10 h. Annealed at 900 °C for 0.5 h and grain interior

Nis2 Cos Mnso Sny; 6] Arc melting. Annealed at 900 C  Particulate v FCC Co-rich, Sn-poor
for 14 d + 800 C for 0.5 h

Niy3 Cos Mnso Sny 135] Spark plasma sintering at 900 °C FCC Co-rich, Sn-poor
for 15 min

Nigs Mny,—, Fe,Snjp (= Arc melting. Annealed at 900 C MnNiFe phase

5,862 for 10 d

Niso Mnyo—. Snyo Fe, (= Arc melting. Annealed at 900 C + Y FCC NiMnFe phase

4,5,6)012] furnace cooling

Niso— . Fe,MnysSnj, (x=  Arc melting. Annealed at 900 ‘C  Particulate Y Grain boundary  FCC Fe-rich, Sn-poor

2.9,4.2,5.5,8. 5)L12:63] for 24 h and grain interior

Niyo Coro— . Fe, Mny; Sng Arc melting. Annealed at 900 C Particulate Y Grain boundary  FCC Co-rich

(x=2,3)L64] for 6 h and grain interior

Nijs Mnys Snjp C, (=2,  Arc melting. Annealed at 900 “C  Stripe-like Grain boundary MnC

4,8)Lts] for 24 h

Nigs Mnys Snip B, (=3,  Arc melting. Annealed at 850 C Mn, B

5)[e7] for 72 h
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Table 2 Ni-Mn-Ga-based alloys containing the second phase and the characterization of second phase

(all the alloys are polycrystalline bulks)

Second phase

Sample Processing condition

Morphology Type Distribution

Crystal structure Composition

Niso Mngo Gazi—, Gd, (x = Arc melting. Annealed at 800 C

0.1,0.5,1,2,5)152] for 24 h

Niso Mngzs Gaso Gds [6%] Arc melting. Annealed at 900 C
for 5 h

Niso Mnog Gaze—, Y, (x = Arc melting. Annealed at 800 C

0.2,1,3)L0] for 24 h

Niso Mngg Gazy—, Y. (x = Arc melting. Annealed at 800 °C

0.1,0.5,1,2,5 4 for 24 h

Niso Mngg Gazy—, Dy, (x=  Arc melting. Annealed at 800 C

0.1,0.2,0.5,1,2,5)5)  for 24 h

Niso Mngo Gagi—, Th, (=
0.1,0.2,0.5,1)]
Nizo—. Th,Mnjo Gaz (2=

Arc melting. Annealed at 850 C
for 48 h

Arc melting. Annealed at 850 C

Grain boundary Gd(Ni,Mn),;Ga
Gd-rich
Grain boundary Y-rich

Grain boundary Y(Ni,Mn),Ga

Grain boundary Dy(Ni,Mn),Ga
Thb-rich

Grain boundary

Grain boundary ~ HCP Thb-rich, Mn-poor

0.1,0.2,0.5,0.8,1)57 for 48 h
Niss Mnas. 5 Gays, 5 Tis [10] Arc melting. Annealed at 1000 °C for  Particulate to Nis Ti

5 h+aging at 600 °C for more than lenticular

10 min
Nis3 Mnas, s Gazs. 5. Tl Arc melting. Annealed at 1000 °C  Particulate Grain boundary Ni71.9 Mn7. o Gay. 5
(x=0.5,2,3.5,5)41] for 5 h + aging at 900 C for 3 h and grain interior Tie. 6
Niso. s Mnss—, Fe, Gagy. 5 Arc melting. Annealed at 800 ‘C  Lenticular Y Niy Fess Gayg
(x=17,19)L%] for 4 d
NisoMnis ., GazoFeps+ ., Arc melting. Annealed at 900 C Y Grain boundary Fe-rich

(x=0,5)L66] for 5 h and grain interior
Niss Mnjo Fep Gagy 667 Arc melting. Annealed at 900 C Y Grain boundary Fe-rich
for 5 h
Nis1. 2 Mngo Fers Gays, g 167 Directional solidification. Annealed  Particulate Y Grain boundary Nisz Mni7. s Feg, 2
at 800 C for 96 h and strip-like Gayz
(Niyg, s Mnog. 5 Gazi.7) 100~  Arc melting. Annealed at 900 °C  Particulate Grain boundary Nb-rich
Nb, (x=3,6,9)*] for 12 h and branching
Niso Mnos Gayz Cuy Zry H43] Arc melting. Annealed at 900 °C  Fishbone-like 7y FCC Zr-rich
for 12 h
Niso Mnzs Gai7 Zrg 3! Arc melting. Annealed at 900 °C  Branching Y FCC Zr-rich
for 12 h
Niso Cuzo Mnyy. 5 Gag, 51397 Arc melting. Annealed at 850 °C Thin plate- Grain boundary Nizz. 6 Cuzs. 7
for 48 h like and grain interior Mny1. o Gag. s

% 1~3n WL, %} F Ni-Mn-Z(Z= Sn, In, Ga)
XA SR A CE MM R L., A X Ni-
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AR TR 2.9% s 5 Fe HUAG Mn B, 8 % I
RAEAERE A% S CM B U T B 2nt, B4 A&
AR 2% M 3% ., ()% T Ni-Mn-Ga & 4. 4 H
Fe BUX Mn i, 8 %I 54 & &2 14205 Ti lUR Ga B
B2 IE A& a2 0. 5% Nb 88 44 1k 5t & & 2
3% s X TR A Ju R K UL, oI WU FR 4 ot &R L I
BRI RS EEMRM, LA 0. 1%, ()X F Ni-Mn-

In &4, 1 Co Al Fe BUQ In I, 48 Z4 1l A% 4 43 3l
JE 3V 5% s BB A LA 4 R B IR In, B 4%
I Bt & 300, N2k B HEEB AN 0. 1% 5851
AT A, AT UL 4B R S RO SO R T
BROTR L, & 5 H B Ni-Mn 5 4 b ] f 20
WICEA K B A Ni-Mn 54 4 A& 5 1 45 b 2 %)
H= 5o, fir DL OC 58 A8 A i 5t O & 09 M A
Pefe i 2%, AN T IZ IR A BEGE . B 4% )5 55 — M
B afRE B ARITRF A XA RS
BT A B FE & R ) B BT . — R UL VR
Fe,Co %5 [E ¥ BE & B JCFR , 45 A £ 78 &b 9 L i 5 1)
B AT 5 3B 2 AR 1 B 0 - Je R 50 AH 3 8 A
mn AT s C R B I A S, 5 &Rt Mn & AR OB
A MnC #l Mn, B, 775 & A b7
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Table 3

Ni-Mn-In-based alloys containing the second phase and the characterization of second phase

(except for the ribbon and oriented polycrystalline, the alloys are polycrystalline bulks)

Second phase

Sample Processing condition —— - - —
Morphology Type Distribution Crystal structure Composition
Nis2 Mnjp Ingg 13 Directional solidification. Annealed v FCC Nigz. + Mnsz, s Ins_ 1
at 900 C for 24 h
Niys Mnjss Iny, Cos Annealed at 900 °C for 2 h Particulate Y Grain boundary FCC Co-rich, In-poor

ribbon!#8]

and grain interior

Nis2 Cog Mnsg Ins [68) Directional solidification. Annealed  Particulate Y Grain boundary  FCC Co-rich, In-poor
at 900 C for 24 h and grain interior

Niso Mngy; Injs—, Coy, (y = Arc melting. Annealed at 900 C Particulate Y Grain boundary FCC Co-rich, In-poor

3,4,5,8)27) for 12 h and grain interior

Niso Mnss Injs—, Fe, (y = Arc melting. Annealed at 900 ‘C Y Grain boundary ~ FCC Fe-rich, In-poor

5,8)L69] for 12 h and grain interior

Nigs MngoInis—, B, (x =3,
4) ribbon!'8]

(Nis1.5 Mngz Inis 5100
B, (x=0.1,0. 2,0. 3,
0.4,0.6) L]

Annealed at 900 C for 20 min

Arc melting. Annealed at 900 C
for 30 min

Niy; Cos Mnjss Inig Gd, [93] Arc melting. Annealed at 900 C
for 12 h

Niys Mng7—, Inj3Cos Cr,
(x=1,2)14]

Induction melting. Annealed at

850 °C for 24 h

Mn» B

Grain boundary Ni-rich, In-poor

Grain boundary Gd-rich
and grain interior
Grain boundary Niss. s Mnss. 2

Inyi1 Cos 5 Crs g s
Nizg. 2 Mngs. 2 Ing o
Coiz2.0Cr7.6

S5 SUE A RAE 45 R A L, BA SCHR o
Ni-Mn 34 & 58 A 9t RAER D, Liu %0
R BLERAS fORL R HT Yy A EA — B0 B, B
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Zhang S HIRE 7 50005 R B & 55 AR Cy AD
[ Niys s Fe, Mng Sny, BEBESE R, K By ARG R4 H 3
TR, IF HL AT 558 1 45 1 M. Gao PV IR
Ni-Mn-Ga I in#s + Gd 1 H A5 A7 KR4, 2 K
ARG P, W A0 AR Nig, Mg, Gag,—, Th, (2=
0.1, 0.2, 0.5, Dty & Tb 5 — A1 & Jo it
. Laszez S5 AR T & Gd A AT &K 09 1 BE , & B
AR E Gd AR (7678 £9) MPa) B 1 &
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