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Abstract. Optimizing the overall performance of Heusler-type Ni-Mn-Co-Sn magnetic shape memory alloys (MSMA) by
the application of advanced treatment technology in current smart material research has been a research hotspot. The
properties of alloys are strongly related to the solidification microstructures. In this paper, the solidification microstructures
of NiyCogMnsSn;,; MSMA under different magnetic field intensities were studied. The results show that in the absence of
magnetic field, the microstructure is mainly composed of D0, coarse dendrite trunks and L2, interdendrite, embedded with
the vermicular vy phase that is Co-rich and Sn-depleted, and the chemical composition of the DO, phase shows the opposite
tendency. The DO; structure is formed due to the chemical segregation of the Heusler L2, phase, and the +y phase is hardly
obtained from the decomposition of the L2, phase in the range of 500~700 ‘C. After the application of a 10 T high
magnetic field, the phase constituent, chemical composition and morphologies of the alloy remain stable, and no obvious
alignments or textures are found due to the enhanced thermal energy rather than the weakened anisotropic magnetic energy.
In addition, the fraction of the DO, phase decreases efficiently, and the L2, phase rises when a magnetic field is
applied, i.e., a strong magnetic field could alleviate the chemical fluctuation and contribute to the formation of a more
uniform distribution of Heusler phase elements.
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1 NiyuCogMny,Sn, .(a) ,(6) 10 T, (c)
Fig.1 The microstructure of Ni,,CosMn;Sn,; alloys: (a) without magnetic field, (b) 10 T, (c) statistical diagram of phase fractions
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Fig.2 Enlarged microstructure of Ni,CogMnsSny; alloys: (a) without magnetic field, (b) 10 T, (c) bright field TEM image of the sample
without magnetic field, (d) electron diffraction patterns corresponding to (c)
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Fig.3 Element distribution of Ni,CogMn;Sn,, alloys: (a) without magnetic field, (b) 10 T
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4 Ni,CosMnseSny, :(a) 800~1 100 C,(b) 400~800 'C
Fig.4 Thermal analysis curve of the as-cast Ni,,CosMn3Sn,; alloys during melting and solidification: (a) high temperature range
800~1100 C, (b) low temperature range 400~800 ‘C
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Tab.2 Element contents of the heat—treated Ni,CogMn3Sny, v
alloys in Fig. 5 ’ X ’ ’
Ni/% Co/% Mn/% Sn/% L2, ’
(atomic (atomic (atomic (atomic Mn/Sn
percent) percent) percent) percent)
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Fig.5 The microstructure of the heat-treated Ni,CogMnsSny, alloys: (a) furnace cooling after heating at 700 °C for 0.5 h, (b) air cooling
after heating at 700 “C for 0.5 h, (c) furnace cooling after heating at 700 ‘C for 10 h , (d) furnace cooling after heating at 600 ‘C for
10 h, (e) furnace cooling after heating to 950 C
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Fig.6 EBSD analysis of the microstructure of Ni,,CogMn;,Sn,, alloys solidified without magnetic field: (a) phase distribution map,
(b~d) IPF of the DO0;, L2, and vy phases
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710T NipCogMnySn,, EBSD : (a) ,(b) DO, ,(c) L2, , (d)y
Fig.7 EBSD analysis of the microstructure of Ni,CogMnsSny, alloys solidified with 10 T magnetic field: (a) phase distribution map,
(b~d) the IPF of DO;, L2, and vy phases

Ni-Co-Mn-Sn rialia, 2018, 155, 95-103.
[3] . Ni-Co-Mn-Sn

D]. : ,2014.
AE [D]

kT,

QIU M M. Effect of element substitution on the structure and prop-
erties of Ni-Co-Mn-Sn magnetic shape memory alloys [D].
Bl ShenYang: Northeastern University, 2014.

[4] MIYAKAWA T, ITO T, XU X, et al. Martensitic transformation

3 near room temperature and hysteresis in (Ni-Co)50-Mn-Sn metam-

(D ,
DO; . L2,

agnetic shape memory alloys[J]. Journal of Alloys and Compounds,
2022,913: 165136.

[S] PEREZ-SIERRA A M, PONS J, SANTAMARTA R, et al. Solidifi-

Y ,D0; Sn Co,vy Co cation process and effect of thermal treatments on Ni-Co-Mn-Sn

Sn,L2, o metamagnetic shape memory alloys [J]. Acta Materialia, 2015, 93:
164-174.

[6] CHENF, TONG Y X, HUANG Y J, et al. Suppression of y phase
in NiCo;,MnySny alloy by melt spinning and its effect on marten-
sitic transformation and magnetic properties [J]. Intermetallics,

) , 2013, 36: 81-85.
L2, s [71 LAZPITA P, SASMAZ M, CESARI E, et al. Martensitic transfor-
L2, /Y mation and magnetic field induced effects in Ni,,CosMn3Sn,, meta-
12, i DO, magnetic shape memory alloy[J]. Acta Materialia, 2016, 109: 170-
176.
A [8] CONG D Y, ROTH S, SCHULTZ L. Magnetic properties and
L2, °
3) , [J]. Acta Materialia, 2012, 60: 5335-5351.
[9] WU Z, LIANG Z, ZHANG Y, et al. A eutectic dual-phase design

structural transformations in Ni-Co-Mn-Sn multifunctional alloys

towards superior mechanical properties of heusler-type ferromag-
netic shape memory alloys[J]. Acta Materialia, 2019, 181: 278-
’ 290.
[10] OGUNTALA G, SOBAMOWO G, ABD-ALHAMEED R. A new
o hybrid approach for transient heat transfer analysis of convec-
tive-radiative fin of functionally graded material under lorentz force
[J]. Thermal Science and Engineering Progress, 2020, 16: 100467.

[1] Ni-Co-Mn-Sn [11] LIN Y C, LEE H S. Machining characteristics of magnetic

[J]. ,2009, 58(11): 7857-7863.
ZHANG H L, LI Z, QIAO Y F, et al. Martensitic transformation

force-assisted EDM[J]. International Journal of Machine Tools and
Manufacture, 2008, 48(11): 1179-1186.

and magnetocaloric effect in Ni-Co-Mn-Sn Heusler alloy[J]. Acta [12] YANJ,LIUT, WANG MM, et al. Constitutional supercooling and

Physica Sinica, 2009, 58(11): 7857-7863.
[2] LAZPITA P, SASMAZ M, BARANDIARAN J M, et al. Effect of

Fe doping and magnetic field on martensitic transformation of

corresponding microstructure transition triggered by high magnetic
field gradient during directional solidification of Al-Fe eutectic al-
loy[J]. Materials Characterization, 2022, 188: 111920.

[13] JIANG P F, WANG J T, HOU L, et al. Controlling and adjusting

—

Mn-Ni(Fe)-Sn metamagnetic shape memory alloys[J]. Acta Mate-
the concentration distribution during solidification process using



( 905/2023 : Ni~Co-Mn-Sn 433

static magnetic fields[J]. Journal of Materials Science & Technolo- magnetic field[J]. Foundry Technology, 2022, 43(8): 573-584.
gy, 2020, 50: 86-91. [22] s R s Cu-90%Pb

[14] ZHONG Q D, ZHONG H Y, HAN H B, et al. Formation mecha- [71. ,2006, 28(1): 22-27.
nism of ring-like segregation and structure during directional so- SHIJ F, ZHONG Y B, REN Z M, et al. Effect of high static mag-
lidification under axial static magnetic field[J]. Journal of Materi- netic field on solidification structure of Cu-Pb monotectic alloys
als Science & Technology, 2022, 99: 48-54. [J]. Shanghai Metals, 2006, 28(1): 22-27.

[15] s s s CrCoNi [23] , , Al-Pb [ ,1993,8:

[J1. ,2022, 43(5): 346-350. 18-21.

LIUY D, WEI C, YAN Y J, et al. Effect of high magnetic field on
the solidification microstructure and properties of undercooled Cr-
CoNi medium-entropy alloy[J]. Foundry Technology, 2022, 43(5):
346-350.

[16] LI CJ, REN Z M, REN W L, et al. Nucleation and growth behav-

[17]

iors of primary phase in hypoeutectic Al-Cu alloy in high mag-
netic field[J]. Transactions of Nonferrous Metals Society of China,
2012, 22(S1): s1-s6.

[J]. ,2022, 43(9): 817-822.
CHEN Z J, L1J, YAN Y J, et al. Effect of high magnetic field on
the growth rate and characteristic size of succinonitrile dendrites
[J]. Foundry Technology, 2022, 43(9): 817-822.

[18] WANG J,HEY X, LIJ S, et al. Experimental platform for solidifi-

[19]

[20]

[21]

cation and in-situ magnetization measurement of undercooled melt
under strong magnetic field[J]. Review of Scientific Instruments,
2015, 86: 025102.
TIAN H F, LU J B, MA L, et al. Martensitic transformation, and
magnetic domains in MnsNigSn,, studied by in-situ transmission
electron microscopy[J]. Journal of Applied Physics, 2012, 112:
033904.
CZAJA P, WIERZBICKA A, ROGAL L. Segregation and mi-
crostructure evolution in chill cast and directionally solidified
Ni-Mn-Sn metamagnetic shape memory alloys[J]. Journal of Crys-
tal Growth, 2018, 492: 50-59.

[J]. ,2022, 43(8): 573-584.
ZHOU TR, LIU T, YAN J G, et al. Solute migration behavior and

microstructure evolution during metal solidification under high

ZHAOJ Z, JIA ], LI Q C. Solidification of Al-Pb alloy under elec-
tric and magnetic fields[J]. Foundry, 1993, 8: 18-21.

[24] YOUDELIS W, COLTON D, CAHOON 1. On the theory of diffu-

[25]

sion in a magnetic field[J]. Canadian Journal of Physics, 42 (1964):
2217-2237.

JIANG P F, WANG J T, HOU L, et al. Controlling and adjusting
the concentration distribution duringsolidificationprocess using
static magnetic fields[J]. Journal of Materials Science & Tech-
nology, 2020, 50: 86-91.

[26] ZHANG F, LAI C, ZHANG J B, et al. Anomalous eutectics in in-

[27]

(28]

[29]

termediately and highly undercooled Ni-29.8at.%Si eutectic alloy
[J]. Journal of Crystal Growth, 2018, 495: 37-45.
ITO K, ITO W, UMETSU R, et al. Metamagnetic shape memory
effect in polycrystalline NiCoMnSn alloy fabricated by spark plas-
ma sintering[J]. Scripta Materialia, 2009, 61(5): 504-507.
HUANG L, CONG D Y, MA L, et al. Large magnetic entropy
changes and magnetoresistance in a NiyCosMngSn,, magnetic
shape memory alloy[J]. Journal of Alloys and Compounds, 2015,
647: 1081-1085.

, . NiCoMnSn
[1. ,2013, 37(1): 6-13.
CHEN F, TONG Y X, TIAN B, et al. Martensitic transformation
and microstructure of NiCoMnSn high temperature shape memory

alloys[J]. Chinese Journal of Rare Metals, 2013, 37(1): 6-13.

> >

[30] HEY X, LIJ S, LILY, et al. Magnetic-field-induced chain-like as-

semblies of the primary phase during non-equilibrium solidifica-
tion of a Co-B eutectic alloy: Experiments and modeling[J]. Jour-

nal of Alloys and Compounds, 2020, 815: 152446.



