Structure of high-temperature

shape memory alloys

The shape memory effect (SME) — the ability
of a material to return to its original shape under ex-
ternal influence (e. g, heating) — has been known
since the first half of the 20" century. At present,
SME alloys are widely used in the aerospace and au-
tomotive industries, medicine, etc. The most wide-
spread alloy is nitinol (NiTi with a nickel content of
50-51 at.%), which has high strength, corrosion re-
sistance, shape recovery coefficient, good biocom-
patibility. The temperatures of the reversible ther-
moelastic martensitic transformation, which is the
physical cause of SME, in nitinol are below 100°C.
For a number of applications, it is important to de-

velop high-temperature SME alloys that operate at
temperatures up to 400°C; and among the most
promising candidates are NiTi(Hf,Zr) alloys.

The functional properties of SME alloys are
structure-sensitive, therefore it is necessary to study
the crystal structure of these alloys, including dur-
ing the course of martensitic transformation (Fig. 1).
At FLNP JINR, such studies are performed using the
HRFD diffractometer, which can operate both in the
high-resolution mode for precision study of the
structural features of the material, and in the high-
intensity mode for in situ studies of transformation
processes.

Fig. 1. a) SME alloy (adapted from Ma J,, et al. Int. Mater. Rev. 55 (2010)). b) Scheme of the one-way SME.
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Puc. 1. a) Cnnas c apdektom N (agantuposaHo 13 Ma J,, et al. Int. Mater. Rev. 55 (2010)).

b) Cxema ogHocTopoHHero addekTa M.

CTpyKTypa BblICOKOTEMMEpPATYPHbIX CMNJIaBOB
C 2(pPeKTOM namMaTn opmbl

dddekT namatn dopmbl (NMP) — cnocobHOCTbL
MaTepuana Bo3BpaLLaTbCA B NepBOHaYanbHyo pop-
My MpW BHEWHeM BO34eNCTBUM (Hanmpumep, Ha-
rpeee) — B CrjlaBax N3BeCTEH C NEPBOW NMOMOBMHbI
XX BeKa. B HacTosillee Bpema craBbl ¢ 3bpdekToM
MO WrpPOKo NCNOoNb3yIOTCA B a3POKOCMUYECKON 1
aBTOMOOWbHON MPOMbILIAEHHOCTA, MEeAULVHE, U
Aap. Hanbonee pacnpocTpaHEHHbIM CMIaBoOM AB-
naetca HuTnHon (NiTi ¢ copgepxaHrem Hukensa 50-
51 a1.%), KoTopbIl 06nafaeT BbICOKOWN MPOYHOCTbIO,
KOPPO3MOHHOW CTOMKOCTbI0, KO3 dULNEHTOM BOC-
CTaHoBNeHUA $OpMbl, XopoLueil GrocoBmecTu-
MOCTbI0. TemnepaTypbl 06paTMMOro TEPMOYNPYroro

MapPTEHCUTHOrO NMPeBpPaLLEHNSA, TEXKALLErO B OCHOBE
BOCCTaHOB/MIEHMA GOPMbl CrjlaBa, B HUTUHONE
nexat Huke 100°C. Ina paga 3agay akTyanbHa pas-
paboTka BblcOKOTeMMNepaTypHbIX crinaBos ¢ MO,
byHKUMOHMpPYOLWMX Npy TemnepaTypax go 400°C;
1 OOHUMM U3 Hanbonee NepCcrneKkTUBHbIX ABMATCA
cnnasbl NiTi(Hf,Zr).

MockonbKy GyHKLMOHaNbHble CBOMCTBA CrJla-
BOB ¢ [1D ABNATCA CTPYKTYPHO-YYyBCTBUTENbBHBIMUY,
HeobXo4MMbl MCCNefoBaHUA KPUCTaNYeCKon
CTPYKTYpbl 3TUX CMNaBOB, B TOM YMC/ie B npoLecce
MapTeHCUTHOro npespatleHns (Puc. 1). BJIHO OUAN
Takue NccnefoBaHMA NPoBOAATCA Ha AudpakTo-
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Neutron diffraction studies of the Ti,g;Nise3Hf>0
alloy made it possible to determine the structural
parameters of low-temperature B19" martensite
and high-temperature B2 austenite, as well as the
temperatures of forward and reverse martensitic
transformations [1] (Fig. 2). The linear thermal ex-
pansion tensor of martensite has a negative coeffi-
cient[2]. The volume effect of the forward B2—=B19”
transformation in this alloy is 0.75%, more than 6
times larger than in Tiso;Nigeo. It was found that
=13.0 vol.% austenite does not participate in the
martensitic transformation. The residual austenite
and the large volume effect may be responsible for

a significant inconsistency between the experimen-
tal and theoretical recovery strain values in this alloy
[1].

Similar studies were carried out for the quater-
nary Tiye;Niso3Hf1 Z1yo alloy. The effect of austenite
transition from a partially ordered state to a fully or-
dered B2 phase was observed simultaneously with
the occurrence of the reverse martensitic transfor-
mation [3]. Since the scattering length of thermal
neutrons by titanium is negative, neutron diffrac-
tion may be considered the preferred method for
studying the effects of ordering in such alloys.

Fig. 2. a) Evolution of neutron diffraction patterns of Tiy;Niso3Hfy alloy with temperature.
b) Temperature dependences of unit cell volumes of B19” martensite and B2 austenite.
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Puc. 2. a) 3Boniounsa HENTPOHHbIX ANDPAKLMOHHBIX CNEKTPOB cnnaBa TiygsNisesHf2o Mpu n3ameHeHnn Temnepatypsl. b)
TemnepaTypHble 3aBUCMMOCTY 06 bEMOB 3N1eMeHTapHON Auelky MapTeHcuTa B19” n aycteHnTa B2.

meTpe O[IBP, KoTopbit MOXKeT GYHKLMOHNPOBaTb
KaK B peXuMe BbICOKOro pa3spelueHunsa ana npeyu-
3MIOHHOTO U3YYeHUs1 CTPYKTYPHbIX OCOOEHHOCTEN
MaTepuana, Tak U B pexnume BbICOKOW CBETOCUJIbI
ana in situ nccnefoBaHM NEPexXoHbIX MPOLEeCCOoB.

HewnTpoHorpaduyeckre nccnegoBaHma cnna-
Ba TiyesNiso3Hf,0 NO3BONUAM yCTaHOBUTL CTPYKTYpP-
Hble MapameTpbl HU3KoTemnepaTypHoro B19” map-
TEHCKTa 1 BblCOKOTeMMepaTypHoro B2 aycteHnTa n
TemnepaTypbl NPAMOro n o6paTHOro MapTEHCUT-
Horo npeBpaLyeHua [1] (Puc. 2). TeH30p NMHENHOro
TEMSIOBOrO PacCLUMpPEHMA MAaPTEHCUTA COLEPXKUNT OT-
puuaTtenbHbil KoaddpuumeHT [2]. O6bEMHBIN 3¢-
dekT npamoro B2—B19" npeBpalyeHns B 3ToMm
cnnaBe cocTaBnsaeT 0.75%, 6onee uem B 6 pas Bbille,
yeM B Tisg1Nizee. BbINO 06HApYxKeHo, uTo =13.0 06.%
ayCTeHMTa He y4YaCTBYIOT B MAPTEHCMTHOM NpeBpa-

LeHnK. 3HauNTeNIbHOE pacxoXAeHne SKCNepuMeH-
TaNbHO NU3MEPEHHbIX N TEOPETMUYECKN pPacCUMTaH-
HbIX BENMYMH BOCCTaHaBNMBaeMbix gedopmaunii
MO>KeT ObITb CBA3aHO C MPUCYTCTBMEM OCTAaTOYHOrO
aycTeHuTa 1 6onbwM 06BEMHbBIM 3ddeKkTOM npe-
BpalieHua [1].

AHanornyHble nccnenoBaHna 6oy nposepe-
Hbl 4191 YETBEPHOTO CMaBa Tizg;Nise3Hf1o Zrho. B HEM
OOHOBPEMEHHO C MPOTEKaHMEM 06pPATHOro Map-
TEHCUTHOTO NpeBpaLLeHnA Obin 0bHapykeH 3 deKT
nepexopa ayCTeHnTa U3 YaCTUYHO YNOPALOYEHHOTO
COCTOAIHUA B MOMHOCTBIO YNopAZoUYeHHYto B2 a3y
[3]. NockonbKy AnnHa pacceAHnA TEMIOBbIX Hew-
TPOHOB TUTAHOM OTpULATENbHA, AU pPAKLNA HEl-
TPOHOB OKa3blBaeTCA NPeAnoUYTUTENIbHbIM METOLOM
nccnepnoBaHna 3GPeKToB ynopsaoueHus B nogoo-
HbIX CrjlaBax.
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