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Progress in research on strain glass transition in Ni-Ti based alloys
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(School of Materials Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Equiatomic Ni-Ti alloys have been widely applied in biomedical and industrial fields, because of their shape memory
effect and superelasticity originating from thermos-elastic martensitic transformation. The theoretical and experimental studies in
recent years indicated that when doping sufficient amounts of defects (excess solute atoms, foreign alloying dopants, dislocations
and nanosized precipitates) into equiatomic Ni-Ti alloys, the resistance from such defects could suppress the first-order martensitic
transformation and achieve strain glass transition with the formation of randomly short-range ordered nanodomains. The strain glass
transition is characterized by some typical features such as invariant macroscopic structure, broken ergodicity, frequency dependence
of dynamic mechanical properties and high damping capacity. In spite of no first order martensitic transformation occurred during
cooling, strain glass can exhibit unique shape memory effect and superelasticity because of the stress loading induced transformation
from strain glass to martensite and the reversed transformation by stress unloading. The superelasticity of strain glass alloys are
closely related to the type and concentration of defects. The strain glasses with moderate concentration of defects exhibit the
superelastic behavior similar to conventional Ni-Ti based alloys. By contrast, under temperature or/and stress fields the strain glass
<> R transition could occur in the strain glasses with high concentration of defects, leading to the superelasticity with small recovery

strain and slim hysteresis over a broad temperature range. Strain glass transition could be achieved in Ni-Ti alloys by deformation to
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introduce large number of dislocations. If only the evolution of nanodomains is involved and no B19" martensite forms in the Ni-

Ti strain glass under external stress, the alloy could perform large linear superelasticity with slim hysteresis. The underlying

mechanism for such superelastic behavior lies in that under stress the evolution of nanodomains does not need nucleation, and the

energy loss for nucleation can be avoided. In the present paper, the proposition, novel properties and the research progress of the

strain glass transition in Ni-Ti based alloys were reviewed. The principle for designing Ni-Ti based alloys with superelasticity in

wide temperature range and their applications in engineering are briefly introduced.

Key words: Ni-Ti based; martensitic transformation; strain glass transition; shape memory effect; superelasticity
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the DS-STG alloy ( plate and wire samples) compared with those of typical metal alloys( quenched 65Mn spring steel, Ti-6Al-4V
ELI Ti alloy, 7021-T62 Al alloy and AZ91D Mg alloy) and organic materials(bamboo, FRP, PEEK and polyphenylene
sulfide(PPS) ) within their elasticity limit; (c)the flexibility figure of merit o,/E of DS-STG alloys far exceeds that of existing struc-
tural materials; (d)the picture of the unconventional strong yet flexible property of the DS-STG alloy, which contrasts with that of
two conventional materials, one being a strong and stiff spring steel and the other being a weak and flexible FRP
with Young’s modulus of 11 GPa



10 fit = M
0.2 (a) Exothermic
Tz;: R Cooling
2 o4t ¥
E M, M,
2 AA
T g1 —
2 Heating
Endothermic
<
o
275 300
80 L (c) Wachtman'’s eq.
E=E,- BT-elon
75
© -
o Seea
o S
® 701 N
=2
3 0.2 Hz Cooling
g 65
o | = — 20 Hz
2 — 10 Hz
S 60r —5Hz
2] —2Hz
— 1Hz
55 ---- — 0.5Hz
— 0.2 Hz
50 1 1 1 1 1 1
100 200 300 400 500 600
Temperature/K

I S 45 %
©
x
50 100 150 200 250
Temperature/K

©

o

Q

2}

2

>

°

o

IS

o Touy~242.2K
[

o £
% ® = wye KTy To)

265 273 281 289 276 279 282 285
Temperature/K Toaf/K

o (h)

Q

2}

2

=}

o

o

1S

9 To~185.9K
©

S =
z/-') w = a)()'e k(Tg'TO)

203 208 213 217
Temperature/K T

BI10 ARG NigsTiys B S MESHBILIRTLER™  (a) 2Rl (o) mBLINZE; (o)A 12 HERE I 2k
(d) RER L BHIER; (e) .\ (@) 233 o & (d) FR 2L @A (A E LA B JRR ORI () L (h) 235108 B2—R Hil B2—B19') 7%
e AE b T, BRI AL, IFFFG Vogel-Fulcher 7572

Fig. 10 Macroscopic characterizations of phase transformation behaviors in NissTiys alloy =

(a)heat flow curves; (b)electric

resistivity curves; (¢ )dynamic mechanical property curves; (d)partial electric resistivity curves; (e), (g)the magnification of red-
and blue-dashed rectangles in Fig.(d), respectively; (f), (h)independently show the frequency-dependent dip temperatures of Ty(1)

for

B2—R strain glass transition and Ty (,) for B2—B19’ strain glass transition, which obey the Vogel-Fulcher relation

Yo 5E 45 SR B, NissTigs &4 5 [ AHAS 570
ol 7 705 B 3 2 A A B W BRI 5 O A 2R 3
SIVE BB AN SR AR G . R IS R D, &
BE ' Ni 1Y NissTiys 7 4 P 200 4 8 846 & 4 4
(NiyTi, NisTi, & Ni Tiy) BHT H S 2R G o 5
P BN A M . A TR AR A W AR JE LB NT Y
B2 X I & 4= B2—R #il B2—B19' 5 [CARFHZAS, i 43
i 2 99 Kk RO Niy Tig A48 & Ni () B2 Xk & 4
B2—R VAR B —B19' W AR B RS Ar , 5 |, BIY
HEA S 4K Ni, Ti; BURLRYE Ni f9 B2 X8, #9%
AT DO B o AR 2501, 11 45 i e 4% e
WAL B H B S H 7 B 8E (STEM-EDS) X
NissTiys & 4 B2 FEAR X I 40 A RAE S5 1, £

16 B2 IXBRPY Ni Al Ti JE% IR 215040
3.3 HMEREEE T SHIE R IEE

FELJE BN AE 2 AT RHY B SRR, IR BE 1R iR 3
AIBILBRE e 22 S A (FERIOD BURE ), I A RHRIBE
KON AT T IR AR . A RE A BE SR AT S LA AT
2, G R B RN BB X IR S AR A DG Y
FHEAE LA S AT 3 3l (B P AR B LG A B
s b RIS ) 25 L A BB A A G
FEHE R AR, N Bl B B b 2 5] BH e A%
R 4 A 127 (a) L (b) SR BT R
1 Nis; sTigg s+ Nigy sTisoFe s K TisoPdyoCryg NS H
TSNS FERE M 2 T LU H, 980K 28 W4 1Y 5
ORGP RS e 18 ) R B A BLJE (N



51 Ni-Ti FEA5 4 10 0 A8 Bl B 4 A W HABF 52 i e 11

20 [ 20 20 RM

11 NissTigs A4 B2 3K STEM-EDS 43745 5 (360 B2 [XIRA Ni #1 Ti 702 RBUARK 51404 )

Fig. 11 The results of STEM-EDS mapping, demonstrating apparent inhomogeneous distribution of

Ni and Ti elements in B2 matrix of NissTiys alloym]

FE )W HY IR, ELI 7S BB B A B W TC SIS DR SR B BT BE T o 20k D, A AR R
BN o HH Bl 12(a) AT UL, NigysTisgFegs MAEBEES N 45 B (<200 K) 9 Nis; sTiggs A1 NigysTisoFegs i
PR H B LR A A, X S5 IR B i bR 06 (418 (<0.02) ™ W ML 2 R, B
RS BT HA B IR WS B AT 0 BB R . B A R4 IELEE (24 290 K) Y TisgPdyoCryo 75 3%
BT FEIRIR 2 DL TCHE 5 LR AR AE, S H/E e b B A BELJE 6 (.29 2 003370 RSk, H R i
JEBHEMTUT A I T 71 A 3 TS O P 5 L P A S P AR XA B, 45
Wang 25 M 4 Nis;sTigss. NigssTisoFeqs Fl tH R A B 3B A 1 B TR 45 TR B f 2518 K
TisoPdyoCryo MAEBE I MBI IC VERE, 42 0N AR BERRGY B R .  ZAF BEI8 00 VR 25 6L | 4 4 A S L 25
BELJE B S ke TR S5 RS, B LA s T, IR B 000 94 oK W 445 9 e G L J 4t 4 17 44 1
f 107 745 B B 2 LA v g BEL SR (L NBELIR AC oL, ] d0 B T A R A o, R S B RS A 4
JFOK T, IS B 0 BELJE BE 71 5 90K R BE RS NigyCojaMnggGays 119 BELJE W1 1T ik 0.08, 45 1
MR hRE N G, HUKBEIRS FIRE K T s FEZ 250 KEY,
BB () RS R T, —RBOR U, 0K BRI RS 30 i TR FE e, 1778 3 3 (4 BELJE i 0 T LA ik 4
JIBEH T, B AT W00, KR T, R R HEAT IR ™, Nig sTiges NS B 58 BB JE 47

. 223 K . 293 K . 373K
@ TioNim Fous ® 2| (110), 2| (110 2l (110
0.020 S S S
j= E c
o 00151 38 40 42 44 38 40 42 44 38 40 42 44
= 20/(°) 20/(°) 20/(°)
0010} 0.04 ~ . .
1 0.031
0.005 | c
£0.02f
100 150 200 250 300 0.01} EREEEES
44 . . 0 L
TisoNiys sFeg s
42
;D.‘f“o' Goor gt 2l
%) S
T s Sl o R 20 30(%/210 320
S R SSRLS
g T, = 250 K St et
361 E 281 0 NS T,(20 Hz) = 317K
34 . , , , % 26l | . 47,02 Hz) = 292K .
100 150 200 250 300 W 500 250 300 350 400
Temperature/K Temperature/K

[EI 12 Ni43A5Ti5()F66A5 ( a) ) ﬂ] Ti50Pd4OCI'10 ( b )@Qﬁﬁ% E/‘J{%ﬁlé*ﬁi HEHQ)JZ‘. .

Fig. 12 The temperature vs storage modulus curves for Niy; sTisoFegs(a) 1 and TisoPd4oCr;o(b) strain glass alloys 2



12 it = M

B W 5 45 %

B A Ak 2k 08 1370 FER . R BN )
T (<139 MPa), & 4 DK A8 Bl 535 4 A8 1y 12 30 4 9
Ak 9 PIFE I . (R B 25 137 F7 84 %] 194 MPa 0
306 MPa, 7 i A 1) 1 A8 B 35 4 7% BH 2 06 18 A1 T ity
T AR BB R I . 7E R R 71 (>360 MPa)
KOEF HATJA g ELJE 6t B0, FCUEEAT LG TE A
3 0 1% 75 g T BELJE W AR 725 T 8 i o MR A
R A BB BEL S HO M BRHL R T, & 4 AEAR R
TR FHA R AR A HE T, &4
P T RS BB A s h AR KT R, A4k
TERE RS IR R 215 A B RE 7S , AR5 1R R AR L
T R D EAAHIAS B SKE T, &4 Rk A D
PGSR, A=A I AR B 25

0.22 | —=—0 MPa

0.16 10 Hz 90 K
0.20 f ——83 MPa 012}
0_18-—¢—139MP8 IS
016 ——194MPa A §oo8r 160 K
’ . F '\ 004p 220K
0.14  TiggsNis; 5 0 250 K
g 012 Strain glass / 0 100 200 300 400 500
=010 10 Hz Stress/MPa
0.08
0.06 | —+—306 MPa
004F o . —>—361 MPa
002 ompetie, TS, TR
N
120 140 160 180 200 220 240 260 280 300

TIK

Pl 13 Nis sTigg s W ASBEIEIBLICAT BN F1 A5 Tt 2k
(MRl 25 AR 4 AE 160 K 31 250 Kl E X ]
HIPIRERT (3N 10 Hz)) ™"

Fig. 13 Stress changed damping behavior for
Nis; sTiyg 5 strain glass( The internal friction value can be
changed greatly by bias stress in the temperature range from
160 K to 250 K with the testing frequency of 10 Hz) 20

4 FRERE

]300 5 ST Hb NA-Ti A4 5 AR B 07 o i
T AL L B GRRAT H  AE b, TTAROmE 4
1) — 2 B AR AR, BT 22 LU R AT 7 1) s i
ARG IX (AR T [ AR S ) Sy I 25 AR E 1 7 A8 33 355 7
A% o Ni-Ti e A8 335 5 A7 2 W AR 25 AR A2 | 5l
B2 PERE AT R VRO | 25 A 3 7 P ek A5 Ry
fiE, FERTAER VR T S BUA G | v iR el g
A BELE R

TEANRI HAE TR, Ni-Ti L0 28 95 o1 &
A= B19" Ty AR M AE 38 & B19" 40 K % ik B 1) 4 4=
K, B AT LAARAS Km0 A8 1) M e, X 7

T 10 A B 38 4 A B 19" T PG AAAH AR 1) A A 1 2 B
FEE, MEET B19 G R BRI m) d A K i e B
AU A REAE o Ni-Ti 3 0 728 B 588 10 8 5P 1R B IX
[i) B ke - B vk B SR B R B S A A 1 ) 2R R
R 1A 7 A A R B i 3 1T 530 A AR AIGIR R
IR B R A= A A AR A AR, 3R 4 7RG
ol AR T R stk iy A F . 55 4, Ni-
Ti HE 0V AR P IS T HA B 0 1 5R E, DA R ECHE
EIREE R N 15 K B19'E [RAKARAS 5 B19'4) K %
Bl AR K BTN = Ak A SRR T, DT 7 S T
JE X [R]3RAS R L
LA SE T Ni-Ti FEN AR BE 5 & S HF 5T 1Y 25

Kt JEAMEEE T 5 [ICARA AR 22 AR5, o B
A A SEPERE MY Ni-Ti JRy AR BE 38 A 4 B I % e
AT B S . BT Ni-Ti R PICIZ & S 1ERT
2SR L WU L T DA B A W By S 40 L e 4R AS
12 0, Ni-Ti JE 0 A5 3% 38 (9 BIF 58 F1 & g 4t 23 if
— ¥ S AR I 2 Tl AUk 9 R, DR B 45 2y
AU AL AT T2 256 200510 1 PR R Al
ZUIRE SR, BN v AR AR A | iR
SRR B R 2 2t A i i R L A, AT ik SR
(Y Ni-Ti BE 5 A8 3% A B TE VR ZS -0 L AR R T K
BReE GO A EEN R, L, BA
o R A B R A S Y NA-T L AR B A 4 B
T FIRZS BRI 25 AR SRR R G, JFIUS TR
SR E

&% 3k

[1] OTSUKAK, WAYMAN C. Shape memory material [M].
Cambridge: Cambridge University Press, 1998: 1-27.

[2] BUEHLER W J, GILFRICH J V, WILEY R C. Effect of

low-temperature phase changes on the mechanical proper-

ties of alloys near composition TiNi[J]. Journal of

Applied Physics, 1963, 34: 1475-1477.

OTSUKA K, REN X. Physical metallurgy of Ti-Ni-based

shape memory alloys[J]. Progress in Materials Science,

2005, 50: 511-678.

HONMA T, TAKEI H. Effect of heat treatment on the

martensitic transformation in TiNi compound [J]. Journal

of The Japan Institute of Metals, 1975, 39: 175-182.

FUKUDA T, KAKESHITA T, SABURI T, et al. Nega-

[3]

[4]

[5]
tive temperature dependence of electrical resistivity in Ti-
Ni alloys [J]. Physica B, 1997, 237/238: 609-611.

SOMSEN C, ZAHRES H, KASTNER J, et al. Influence

of thermal annealing on the martensitic transitions in Ni-

[6]

Ti shape memory alloys[J]. Materials Science and Engi-


https://doi.org/10.1063/1.1729603
https://doi.org/10.1063/1.1729603
https://doi.org/10.1016/j.pmatsci.2004.10.001
https://doi.org/10.1016/S0921-4526(97)00279-2
https://doi.org/10.1016/S0921-5093(99)00362-7
https://doi.org/10.1016/S0921-5093(99)00362-7

5514 Ni-Ti FEA5 4 10 0 A8 Bl B 4 A W HABF 52 i e 13

neering: A, 1999, 273/275: 310-314.

[7] CHOI M, FUKUDA T, KAKESHITA T. Anomalies in
resistivity, magnetic susceptibility and specific heat in
iron-doped Ti-Ni shape memory alloys[J]. Scripta Mate-
rialia, 2005, 53: 869-873.

[8] SARKAR S, REN X B, OTSUKA K. Evidence for strain
glass in the ferroelastic-martensitic system TisoNisg,
[J]. Physical Review Letters, 2005, 95: 205702.

[9] WANG Y, REN X B, OTSUKA K. Shape memory effect
and superelasticity in a strain glass alloy[J]. Physical
Review Letters, 2006, 97: 225703.

[10] WANG Y, REN X, OTSUKA K, et al. Evidence for bro-
ken ergodicity in strain glass[J]. Physical Review B,
2007, 76: 132201.

[ 11 ] REN X B. Strain glass and strain glass transition, in dis-
order and strain-induced complexity in functional materi-
als[M]// Springer Series in Materials Science. Berlin:
Springer Group , 2012: 201-225.

[12] WANG Y, WANG D, ZHOU Y M, et al. Strain glass as a
novel multi-functional material, in mesoscopic phenom-
ena in multifunctional materials[M]//Springer Series in
Materials Science. Berlin: Springer Group, 2014:271-288.

[ 13 ] WANG D, ZHANG Z, ZHANG ]J, et al. Strain glass in
Fe-doped Ti-Ni[J]. Acta Materialia, 2010, 58: 6206-
6215.

[ 14 ] CUI J, REN X B. Elinvar effect in Co-doped TiNi strain
glass alloys[J]. Applied Physics Letters, 2014, 105:
061904.

[15] ZHOU Y M, XUE D Z, DING X D, et al. Strain glass in
doped Tisy(NisgD,) (D= Co, Cr, Mn) alloys: implica-
tion for the generality of strain glass in defect-containing
ferroelastic systems[J]. Acta Materialia, 2010, 58: 5433-
5442,

[16] ZHANG J, XUE D Z, CAI X Y, et al. Dislocation
induced strain glass in TisNiysFes alloy[J]. Acta Materi-
alia, 2016, 120: 130-137.

[17] LATY Z, WANG K, LV C, et al. Strain glass transition in
Niy; 54, TisgFe, 5 alloys[J]. Journal of Alloys and Com-
pounds, 2022, 929: 167387.

[ 18] WANG D, HOU S, WANG Y, et al. Superelasticity of
slim hysteresis over a wide temperature range by nan-
odomains of martensite[J]. Acta Materialia, 2014, 66:
349-359.

[19] NIITSU K, OMORI T, KAINUMA R. Stress-induced
transformation behaviors at low temperatures in Ti-
51.8Ni shape memory alloy[J]. Applied Physics Letters,
2013, 102:231915.

[20] WANG Y, SONG X, DING X, et al. Stress changed

damping and associated transforming behavior in a
Tiug sNis; s strain glass[J]. Applied Physics Letters,
2011, 99: 051905.

[21] ZHANG J, WANG Y, DING X, et al. Stress-induced
strain glass to martensite (R) transition in a
Tis(Nigy sFes s alloy[J]. Physical Review B, 2011, 83:
174204.

[22 ] ZHANG J, WANG Y, DING X, et al. Spontaneous strain
glass to martensite transition in a Tis)Nigy sFess strain
glass[J]. Physical Review B, 2011, 84:214201.

[23]XUZZ,]1YC,LIU C, et al. A polymer-like ultrahigh-
strength metal alloy [J]. Nature, 2024, 633: 575-581.

[24] RENS,XUED Z, JIY C, et al. Low-field-triggered large
magnetostriction in iron-palladium strain glass alloys[J].
Physical Review Letters, 2017, 119: 125701.

[25] QINF Y, XIAO W L, LUF S, et al. Resolution of a dis-
crepancy of magnetic mechanism for Elinvar anomaly in
Fe-Ni based alloys[J]. Journal of Materials Research and
Technology, 2019, 35: 396-401.

[26] QIN F Y, LU F S, CHEN Y L, et al. Deformation
induced Elinvar behavior in Fe-Ni Invar alloy[J]. Sci-
ence Bulletin, 2018, 63: 1040-1042.

[27] WANG K, LV C, ZHANG K C, et al. Elastic modulus
anomaly in a Fe-Mn-Cr-C cryogenic steel[J]. Scripta
Materialia, 2022, 221: 114946.

[28] WANG Y, GAO J H, WU H J, et al. Strain glass transi-
tion in a multifunctional B-type Ti alloy[J]. Scientific
Reports, 2014, 4: 3995.

[29]1 ZHOU Y MI, XUE D Z, DING X D, et al. High tempera-
ture strain glass in Tisy(PdsyCr,) alloy and the associ-
ated shape memory effect and superelasticity [J]. Applied
Physics Letters, 2009, 95: 151906.

[30] SUN X M, CONG D Y, REN Y, et al. Magnetic-field-
induced strain-glass-to-martensite transition in a Fe-Mn-
Ga alloy[J]. Acta Materialia, 2020, 183: 11-23.

[31] HAO C X, WANG Y, WU X K, et al. High performance
damping behavior of Ni-Fe-Ga alloys within the marten-
site/strain-glass phase boundary [J]. Journal of Alloys and
Compounds, 2022, 898: 162954.

[32] WANG Y, HUANG C H, GAO J H, et al. Evidence for
ferromagnetic strain glass in Ni-Co-Mn-Ga Heusler alloy
system [J]. Applied Physics Letters, 2012, 101: 101913.

[33]LIU C, JI'Y C, TANG J X, et al. A lightweight strain
glass alloy showing nearly temperature-independent low
modulus and high strength[J]. Nature Materials, 2022,
21:1003-1008.

[34]LIUJ P, WANG Y D, HAO Y L, et al. New intrinsic

mechanism on gum-like superelasticity of multifunc-


https://doi.org/10.1016/S0921-5093(99)00362-7
https://doi.org/10.1016/S0921-5093(99)00362-7
https://doi.org/10.1016/S0921-5093(99)00362-7
https://doi.org/10.1016/j.scriptamat.2005.05.040
https://doi.org/10.1016/j.scriptamat.2005.05.040
https://doi.org/10.1016/j.scriptamat.2005.05.040
https://doi.org/10.1103/PhysRevLett.95.205702
https://doi.org/10.1103/PhysRevLett.97.225703
https://doi.org/10.1103/PhysRevLett.97.225703
https://doi.org/10.1103/PhysRevB.76.132201
https://doi.org/10.1016/j.actamat.2010.07.040
https://doi.org/10.1063/1.4893003
https://doi.org/10.1016/j.actamat.2010.06.019
https://doi.org/10.1016/j.actamat.2016.08.015
https://doi.org/10.1016/j.actamat.2016.08.015
https://doi.org/10.1016/j.actamat.2016.08.015
https://doi.org/10.1016/j.jallcom.2022.167387
https://doi.org/10.1016/j.jallcom.2022.167387
https://doi.org/10.1016/j.jallcom.2022.167387
https://doi.org/10.1016/j.actamat.2013.11.022
https://doi.org/10.1063/1.4809935
https://doi.org/10.1063/1.3619830
https://doi.org/10.1103/PhysRevB.83.174204
https://doi.org/10.1103/PhysRevB.84.214201
https://doi.org/10.1038/s41586-024-07900-4
https://doi.org/10.1103/PhysRevLett.119.125701
https://doi.org/10.1016/j.scib.2018.07.006
https://doi.org/10.1016/j.scib.2018.07.006
https://doi.org/10.1016/j.scriptamat.2022.114946
https://doi.org/10.1016/j.scriptamat.2022.114946
https://doi.org/10.1063/1.3249580
https://doi.org/10.1063/1.3249580
https://doi.org/10.1016/j.actamat.2019.10.051
https://doi.org/10.1016/j.jallcom.2021.162954
https://doi.org/10.1016/j.jallcom.2021.162954
https://doi.org/10.1063/1.4751250
https://doi.org/10.1038/s41563-022-01298-y

14 it = M

B W 5 45 %

tional alloys[J]. Scientific Reports, 2013, 3: 2156.

[35]) 75, AL, MR, 55, BREEN AL B SO H A BRI (7]
HE R B )5 RO, 2021, 51: 067509.

[36] NI Y, ARIMA T H, KIM HY, et al. Effect of random-
ness on ferroelastic transitions: disorder-induced hystere-
sis loop rounding in Ti-Nb-O martensitic alloy [J]. Physi-
cal Review B, 2010, 82:214104.

[37] REN X. Strain glass and ferroic glass-unusual properties
from glassy nano-domains[J]. Physica Status Solidi B,
2014, 251: 1982-1992.

[38]LIU C, JI Y, REN X B. Strain glass and novel
properties[J]. Shape Memory and Superelasticity, 2019,
5:299-312.

[39 ] LIANG Q L, WANG D, ZHANG 1J, et al. Novel B19'
strain glass with large recoverable strain[J]. Physical
Review Materials, 2017, 1: 033608.

[40] LIANG Q L, ZHAO S S, LIANG C X, et al. Strain states
and unique properties in cold-rolled TiNi shape memory

alloys[J]. Acta Materialia, 2022, 231: 117890.

[41]J1 Y C, DING X D, LOOKMAN T, et al. Hetero-
geneities and strain glass behavior: role of nanoscale pre-
cipitates in low-temperature-aged Tisg ;Nis; 3 alloys[J].
Physical Review B, 2013, 87: 104110.

[42] LV C, WANG K, WANG B, et al. Coexistence of strain
glass transition and martensitic transformation in highly
nickel-rich ferroelastic alloy with large elastocaloric
effect[J]. Acta Materialia, 2024, 264: 119598.

[43 ] LIANG Q L, WANG D, DING X D, et al. Two-step
strain glass transition in NiTi shape memory alloy with
unique properties[J]. Materials Research Letters, 2024,
9: 678-687.

Wk H #: 2024-09-30; 5% H 34 2024-11-07

FEWE : FE A RBAERE4 (51971009)

WIRFES : RHTE (1962—), B, Wi+, 2z, &4

AR Te J12EA T RIESE, T AR ittt : U AT iREGE X 2 e 37 St

TR MR K (100191 ), E-mail: xinging@buaa.edu.cn
(RL5woh: TA™W)


https://doi.org/10.1038/srep02156
https://doi.org/10.1103/PhysRevB.82.214104
https://doi.org/10.1103/PhysRevB.82.214104
https://doi.org/10.1002/pssb.201451351
https://doi.org/10.1007/s40830-019-00252-3
https://doi.org/10.1103/PhysRevMaterials.1.033608
https://doi.org/10.1103/PhysRevMaterials.1.033608
https://doi.org/10.1016/j.actamat.2022.117890
https://doi.org/10.1103/PhysRevB.87.104110
https://doi.org/10.1016/j.actamat.2023.119598
mailto:xinqing@buaa.edu.cn

	1 Ni-Ti基形状记忆合金应变玻璃转变的发现
	2 Ni-Ti基合金应变玻璃的主要特征
	2.1 平均结构不变性
	2.2 动态力学性能的频率分散性
	2.3 遍历性缺失

	3 Ni-Ti基应变玻璃的性能
	3.1 形状记忆效应和超弹性
	3.2 窄滞后宽温域超弹性
	3.3 高阻尼性能和基于应力的阻尼调控

	4 结论与展望
	参考文献

