454t 5 8 301 OB TR Vol.54  No.8
2026 4£ 8 H %5 216—233 1L Journal of Materials Engineering Aug. 2026 pp.216—233

SI AN A, B BT L, % NIi-TUHARICIC A A AT R 5 SEARLN - B FRMAAHAS |0 A8 BB 5% AR B PERE I [ T ] 44

FLTHE, 2026,54(8) : 216-233.

SHEN Falei, LI Guanqgi, HUO Xueyi, et al. Phase transformations and elastocaloric effects in Ni-Ti-based shape memory
alloys: from martensitic transformation and strain glass transition to performance regulation[ J ].Journal of Materials Engineer-
ing,2026,54(8):216-233.

Ni-Ti BEFRITIZ & A TT 0 S A
M AR TS | i 2 B B T B M B

PEELEAF L ETE L REM N, KRR, TAR, ERE,
AR XV AFHTY, MR FREAME R RHFFLEERY
(1 dbmtfias i R K EILSEE 2, B 31111552 b as i K R BB 5 T AR, AL st 1001915
3 R T4 BB A R AR A A BR A ], FE B 65010634 b5t Jogk s i & 98 T, L &L 100854 )

FEE LT N-TUHBRIRICIZ & & MR ES H A AR 1 s A1 HOR B AL 1 BE MR AR A BB AL S 28 SR il
o SR, JLHEME RE ) JCHEEHR B 0 o 4 PRI AR | v b B 2R B8 L 5 57 BT 0 R A 7 M LA ] B S 24 T
RIGWEE IR . ALRFEN AT NETHERARICAL A G0 H 4 T L S HRAE AT 5 R RR 22 (1] 1Y 7RI R
S5ttt H0E, R AT T A GG S A T2 AR A B A R 2 R BE G R 5 R, D SRRTTE AR AT
AH (A2 R AE S5 R 00 AR R I T L R T A T (AR A 5 50 175 A 7 728 B B 2 78 A R AL 5 PR, IR TS R AH
AR AR KT L Y SRS T HE S, IF B T AR R G R MR H R B R . T B T RSE T BB ST 7 1) 38
B T 2RH S A Al W IR A T [ AR R A8 B B 5L AR | ST s I RE RO W RO Ak s 45 A S5 H ik Tl — 2 4
FHRIAREER R ACIK B REFEFF 1 58 T 0038 R Pk

KRR UL G A s T FOIARARAR ; 1 AR B B AR § SEAL

doi: 10.11868/j.issn.1001-4381.2026.000055  CSTR: 32421.14.j.issn.1001-4381.2026.000055

FESHES: TG139'.6  XERIRE: A XEHS: 1001-4381(2026)08-0216-18

Phase transformations and elastocaloric effects in Ni-Ti-based shape
memory alloys: from martensitic transformation and strain glass
transition to performance regulation

SHEN Falei', LI Guangi"*,HUO Xueyi"?,ZHANG Changshuo"*,ZHANG Linyan',
WANG Chunyi"?, WANG Zhaozheng"*,ZHENG Tianxu’,LIU Shuxin‘, WANG Pengfei*,
ZHENG Mingye', WENG Jun',ZHAO Xinging®,HOU Huilong'*

(1 Tianmushan Laboratory , Beihang University , Hangzhou 311115, China; 2 School of Materials Science and Engineering,
Bethang University, Beijing 100191, China; 3 Sino-Platinum Metals Co., Ltd., Kunming 650106, China;4 Beijing Institute of
Radio Measurement, Beijing 100854, China)

Abstract: Elastocaloric cooling technology, which relies on the crystal structural phase transformation of
Ni-Ti-based shape memory alloys, offers advantages such as high efficiency, energy saving, and
environmental friendliness. These advantages establish it as a promising alternative to conventional vapor-
compression refrigeration. Large adiabatic temperature changes, high material coefficient of performance,
excellent fatigue resistance, and a wide operating temperature window are critical indicators of elastocaloric
performance, attaining all of these simultaneously remains challenging. This bottleneck has constrained the
practical development of the technology. This review systematically introduces the intrinsic relationships
and research progress among the manufacturing processes, microstructures, phase transformations, and
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elastocaloric properties of Ni-Ti-based shape memory alloys. Firstly, it compares conventional and additive

manufacturing processes, analyzing their effects on material microstructures and performance. Secondly,

from the perspective of substructural features such as grain morphology, precipitates, and twins, it

discusses the mechanism by which the microstructure regulates both the thermoelastic martensitic

transformation and the defect-induced strain glass transition. Subsequently, the review elaborates on the

primary controlling parameters of the elastocaloric effect across different phase transformation pathways,

and summarizes technical approaches to enhance overall cooling performance. Finally, this review outlines

future research directions: coordinating thermoelastic martensitic transformation and strain glass transition

through process innovation and novel alloy design to achieve synergistic optimization of elastocaloric

properties; and combining structural design to further enhance heat transfer efficiency, reduce driving

energy consumption, and improve adaptability to operating conditions.
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Fig.1 Characteristics of Ni-Ti-based shape memory alloys fabricated via conventional and additive manufacturing

(a)machining defects in Ni-Ti-based alloys 5 (b)structural configurations of conventionally manufactured Ni-Ti-based alloys'®';

LPBF (c)"'") and LDED(d) "™ process and associated physical phenomenas (e)process parameter map for the
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Fig.3 Characteristics of precipitates in Ni-T1 alloys fabricated by conventional and additive manufacturing, and elemental segregation schematic

(a)various precipitates in vacuum arc melted Nis-Ti,; alloy™; (b)Nis, - Ti,g -/Niy Ti composite structure fabricated by LDED";

(c)nano-scale Ti-rich precipitates in Nis, s Tl alloy fabricated by LPBFY"; precipitate distribution(d) and

elemental segregation schematic(e) in Niy, o, Tis o5 alloy fabricated by LPBF"*]
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Fig.4 Substructure of conventionally and additively manufactured Ni-Ti alloys

(a)substructure of a Nis, 4Ty » alloy after solution treatment and severe deformation'™’; (b)substructure of a Nig, », Tiyq 75 alloy

fabricated by LDED!®/; (¢)cellular structure in a Nig, , Ti,g s alloy fabricated by LPB
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Fig.5

Phase transformation behavior and superelastic responses of Ni-Ti-based alloys fabricated by conventional and additive manufacturing

(a)correspondence between transition temperatures and Ni content'™!; (b) relationship between transition temperatures and LPBF parameters

(energy density, P,v,h)"%'; (¢)effect of alloying elements on the transition temperatures of Ni-Ti alloys'**; (d)tensile curves of the Nix; Tiy, alloy

fabricated by LPBF after two-step heat treatment (700 “C+ 250 °C)!/; (e)compressive curves of Nig, s Ty, alloys with strong

texture fabricated by LPBF™; (f)compressive curves of Nis, 5T 5 alloys with NiyTi precipitates'® ; (g)compressive curves of

Niso s Tz » alloys'™; (h)compressive curves of Ni-Ti alloys with different grain sizes

(CR:fine-grained , GS : mixed coarse and fine grains, CG: coarsefgrained)“’31
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Fig.6 Characteristics of strain glass transition in Ti ¢Zrys ¢Hf 1 6Nijs §Cups 6C01 6 alloy’

(a)-(c)frequency dispersion of dynamic mechanical properties;; (d)invariance of average structure in in-sizu XRD results;

(e)absence of transformation peaks in DSC curves; (f)ergodicity breaking in zero-field-cooled/field-cooled (ZFC/FC) curves;

(g)-(n)evolution of martensitic domains characterized by in-sitzu TEM at different temperatures
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Fig.7 Defect types in strain glass transition and their influence mechanisms on properties

Schematic diagrams of the strain glass transition induced by point defects(a) , line defects (dislocations) (b) , volume defects

(precipitates) (¢) ,and composite defects(d) ™ (e)effect of a single defect type on transformation temperatures

[113],
H

(f)schematic diagram of the phase transformation in a Nig; Ti,; alloy with composite defects'™
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