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Table 1 Comparison of isothermal entropy change and adiabatic temperature change of typical elastomeric materials
Material Adiabatic temperature change/K Isothermal entropy change/J-kg™" "K' Ref.
(NisoMns; 5Tiig.5)99.8Bo.2 (bulk polycrystal) 31.5 45 [39]
NisgoTisi1 (Wire) 25 35 [40]
Niso.4Tis06 (film) 16 - [41]
Nisg 4Tise 6 (single crystal) 14 - [42]
Cugs.1Zn;s5 3Ali6, (single crystal) 6 21 [43]
NisoFej9Gay7Coy (single crystal) 10 - [44]
(Nis; sMn33In;s5)997Bo 3 (bulk polycrystal) 6.6 - [45]

AHAS I R bl TR AR TS 2 AHERAS R BR AR, BT LA
MR 22t T 1 00385 S AH AR 7 AR T G K ) s Bk
Az, AR EE 1100 Tke!, S H AT R 1R R B
A 18 0 B U 1 IR AR R 2 — DR,

AEHERHEOR 7 INTE K [RI AR XS Ni-Mn-Ti JE45 ik
1T B JC# A 424K, 1145 8 T (NisoMns; sTijs.5)90.5Bo.
G RMMEAEYOR Z SR Heusler & 4 L
T EMARN, E 700 MPa [N ) FAHAR ok e =R
T 45 Tkg K ARSI 31.5 K 4 HGEAE . B 1Y
Tl B N AT DU A 48 1) i 0 40 Ak k1 32 TS 4 1 ) 2
PERE, PrLliidT 17 B a4 8 Ni-Mn-Ti B &4, 7]
LA AH AR o v B 7 A K IR 24 ARl A8 XA R ) ) 2
PERE . IXTIURE ST by [i] 25 w4 11 S B I 4 8 T 387 10 S8
0, B S P A5 AR R 4 i AR 5 LAl A R E
L1 PR, R ] DUE k&4 A UL R I HA PERE .

MELEFWF 45 R LUF H Ni-Mn-Ti JE5 @A
Sl TR d-d FuEZe, B RO R,
TEAHAR IR rp e 7 A K S5 R R A R 4 R AR . Pl
BT E S T B Ni-Mn-Ti HG 670 % 0
N [A AT R e P RE AN ) e P RE .

4 25 B

H 2015 £ B ) 3BT ) 5 1 B o R
Ni-Mn-Ti J6 ¢ 0B ARR DR, R L) KaE#H
X Ni-Mn-Ti J & S (AT 5T 0 A WY e 55— B JE 2 4
AR R R G GBI ERERIBTST, B T VR R
Mk e, HREMFIRRA —E A2, flin.

1) RADAT 2% Ni-Mn-Ti 3545 400 i BLI % %
HREATHEST, W DLBCE KR o A 1, B KA
AR i JSE Y 7 B R N, A O AR A AR
KR 15 A2 43 N7 5 o

2) AT LG AIZ S Ni-Mn-Ti B4 8 080y A2

PERE BT ST A0 AR W SCHRARIE , B T & & R AP 2
PEREN AT Ni-Mn-Ti 5 ) 8 SOV AR AT RN

3) T Ni-Mn-Ti JE5 8 250 T NINGE 2,
SU i 256 T V0 R I ) X% 5 R R AT RIS,

JIT AL AZ 45 45 55— PR B SO0 I AMA R I & AT
NS

EE B
[1] Kainuma R, Oikawa K, Ito W et al. Journal of Materials
Chemistry[J], 2008, 18(16): 1837

References

[2] Webster P J, Ziebeck K R A, Town S L et al. Philosophical
Magazine B[J], 1984, 49(3): 295
[3] Graf T, Felser C, Parkin S S P. Progress in Solid State Chemi-
stry[J], 2011, 39(1): 1
[4] Oikawa K, Ota T, Omori T et al. Applied Physics Letters[J],
2002, 81(27): 5201
[5] Liu J, Li J G. Scripta Materialia[J], 2007, 56(2): 109
[6] Li L, Wang Y, Xie S et al. Nano Letters[J], 2013, 13(10): 4671
[7] Wei Z Y, Liu E K, Chen J H et al. Applied Physics Letters[J],
2015, 107(2): 022 406
[8] Wei Z Y, Liu E K, Li Y et al. Applied Physics Letters[J], 2016,
109(7): 071 904
[9] Yang L H, Zhang H, Hu F X et al. Journal of Alloys and
Compounds[J], 2014, 588: 46
[10] Huu D T, Yen N H, Thanh P T et al. Journal of Alloys and
Compounds[J], 2015, 622: 535
[11] Ahmad A, Srivastava S K, Das A K. Journal of Magnetism
and Magnetic Materials[J], 2019, 491: 165 635
[12] Duran A. Journal of Superconductivity and Novel Magnetism
[J1, 2018, 31(12): 4053
[13] Lei Ying(& 1), Li Yu(Z ®), Xu Lin(f% M) et al. Rare
Metal Materials and Engineering(Fi i & @M kL 5 TH#)[J],
2016, 45(6): 1565
[14] Brock J, Khan M. AIP Advances[J], 2018, 8(5): 056 429
[15] Zhang Mingang(5K#&(N), Li Shaobo(Z=/>¥%), Chen Fenghua
(BRI AE) et al. Rare Metal Materials and Engineering(#i 5
4B AR TR[I], 2019, 48(5): 1394
[16] Xiao F, Fukuda T, Jin X J et al. Physica Status Solidi B[J],
2017, 255(2): 1 077 246
[17] Moya X, Kar-Narayan S, Mathur N D. Nature Materials[J],



* 4378

Mty e lm A RS TR

%49 35

2014, 13(5): 439

[18] Mafiosa L, Gonzalez-Alonso D, Planes A et al. Nature
Materials[J], 2010, 9(6): 478

[19] Wei Zhiyang(ZL&EFH). Thesis for Doctorate(1H =18 30)[D].
Beijing: University of Chinese Academy of Sciences, 2017

[20] Zeng Q Q, Shen J L, Zhang H G et al. Journal of Physics:
Condensed Matter[J], 2019, 31(42): 425 401

[21] Bez H N, Pathak A K, Biswas A et al. Acta Materialia[l],
2019, 173: 225

[22] Sozinov A, Likhachev A A, Lanska N et al. Applied Physics
Letters[J], 2002, 80(10): 1746

[23] Kainuma R, Imano Y, Ito W et al. Nature[J], 2006, 439(7079): 957

[24] Wang Y D. Applied Physics Letters[J], 2007, 90(10): 101 917

[25] Lazpita P, Sasmaz M, Cesari E et al. Acta Materialia[l], 2016,
109: 170

[26] Wang Luda(F£ € iX). Thesis for Master(fl -+ 1¢ 3C)[D]. Shen-
yang: Northeastern University, 2019

[27] Najam H, Ishfag A S, Mohsan J et al. Materials Research
Express[J], 2018, 5(8): 086 102

[28] Liu K, Han X Q, Yu K et al. Intermetallics[J], 2019, 110: 106 472

[29] Karaca H E, Karaman I, Basaran B et al. Acta Materialia[]],
2006, 54(1): 233

[30] Ozdemir N, Karaman I, Mara N A et al. Acta Materialia[]],
2012, 60(16): 5670

[311LiY, XinY, Chai L et al. Acta Materialia[J], 2010, 58(10): 3655

[32] Phan M H, Yu S C. Journal of Magnetism and Magnetic

Materials[J], 2007, 308(2): 325

[33] Yu B F, Liu M, Egolf P W et al. International Journal of
Refrigeration[J], 2010, 33(6): 1029

[34] Franco V, Blazquez J S, Ipus J J et al. Progress in Materials
Science[J], 2018, 93: 112

[35] Wei Z Y, Sun W, Shen Q et al. Applied Physics Letters[J],
2019, 114(10): 101 903

[36] Yan H L, Wang L D, Liu H X et al. Materials & Design[J],
2019, 184: 108 180

[37] Liu S L, Xuan H C, Cao T et al. Phys Status Solidi A[J], 2019,
216(23): 1900 563

[38] Aznar A, Gracia-Condal A, Planes A ef al. Phys Rev Materi-
als[J], 2019, 3(4): 044 406

[39] Cong D Y, Xiong W X, Planes A et al. Phys Rev Lett[J], 2019,
122: 255703

[40] Tusek J, Engelbrecht K, Millan-Solsona R et al. Advanced
Energy Materials[J], 2015, 5(13): 1 500 361

[41] Ossmer H, Lambrecht F, Giiltig M et al. Acta Materialia[J],
2014, 81: 9

[42] Pataky G J, Ertekin E, Sehitoglu H. Acta MaterialialJ], 2015,
96: 420

[43] Bonnot E, Romero R, Mafiosa L et al. Physical Review
Letters[J], 2008, 100(12): 125 901

[44] Xiao F, Jin M J, Liu J et al. Acta Materialia[l], 2015, 96: 292

[45] Yang Z, Cong D Y, Sun X M et al. Acta Materialia[J], 2017,
127:33

Research Progress of All d-Group Ni-Mn-Ti Based Magnetic
Phase Transformation Heusler Alloys

Guan Ziqi'?, Bai Jing'*”, Liang Xinzeng'?, Jiang Xinjun'?, Gu Jianglong®, Zhao Xiang', Zuo Liang'
(1. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. School of Resources and Materials, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China)
(3. Hebei Provincial Laboratory for Dielectric and Electrolyte Functional Materials, Qinhuangdao 066004, China)
(4. State Key Laboratory of Metastable Materials Science and Technology, Yanshan University, Qinhuangdao 066004, China)

Abstract: The research progress on the refrigeration performance of Ni-Mn-Ti based all d-group Heusler alloy was reviewed. The crystal
structure and atomic occupancy of this alloy series were introduced. The crystal structure is L2, or B2 ordered structure, in which Ti atom with the
least valence electrons takes the place of the original main group elements. The treatment technique and doped elements have a certain effect on
the martensitic transformation temperature and Curie temperature. The martensitic transformation temperature can be adjusted to near the room
temperature to achieve practical application. The refrigeration methods and principles of Ni-Mn-Ti based all d-group Heusler alloy were
emphatically analyzed, and the development of the refrigeration properties of Ni-Mn-Ti based Heusler alloy in the future was prospected.

Key words: all d-group Heusler alloy; crystal structure; martensitic transformation; refrigeration properties

Corresponding author: Zuo Liang, Ph. D., Professor, Key Laboratory for Anisotropy and Texture of Materials, Northeastern University,

Shenyang 110819, P. R. China, E-mail: Izuo@mail.neu.edu.cn



