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Two-Step Martensitic Transformation and Yield Strength in TiNiy.sCuo.2. By Yoshiro
SHuco and Toshio Honma.

X-ray diffraction and DSC measurement revealed that TiNig.sCug.» undergoes two-step phase trans-—
formation during cooling. The first transforms from the B2 structure to an orthorhombic martensitic
phase at Ms’=332K and then to a monoclinic martensitic phase at Ms=280K. The corresponding heats
of transformations are 0.93 kJ/mol and 0. 29 kJ/mol, respectively.

The yield stress of TiNig.sCup.» was about one fourth stronger than that of Ti-50.3 mol% Ni at a
parent state. On the other hand it was about one third softer than that one at a martensitic state.

According to the stress-strain curves for TiNi,.sCug.2, two-step types with easy glide region appeared
immediately up to the Ms temperature and over a temperature range where the orthorhombic marten-
sitic phase was thermally stable. The formers were according to stress—induced transformations from
B2 type parent phase to orthorhombic martensitic phase and from orthorhombic martensitic phase to
monoclinic martensitic phase in succesion. The latters were due to reorientation of thermally stable
martensitic phase with orthorhombic system and to stress—induced transformation from orthorhombic to
monoclinic martensitic phase. (Received Oct. 5, 1987)

Keywords: shape memory alloy, martensitic transformation, orthorhombic martensite, monoclinic
martensite, mechanical property, TiNi, copper addition, TiNiCu alloy, two-step transformation,
stress—induced transformation.
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Photo. 1 Microstructural change of the surface relief associated with the orthorhombic
martensite to the cubic parent phase upon heating (A—F) and cooling (F—]).
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Fig.1 X-ray diffraction patterns of TiNip.sCuo.2,

(A) monoclinic at 192K,
(B) orthorhombic at 322K,
(C) cubic at 384 K.

using CuKa.
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Table 2 Comparison of observed d-spacings with calculated ones for orthorhombic martensite
(a,=0.28956, b,=0.42378, ¢,=0.45251nm) and monoclinic martensite (a,=0.29120, b, =
0. 41481, ¢, =0.46230nm, S=96.170degree) in TiNi.gCu,.s.

orthorhombic martensite } monoclinic martensite
hkl dovs dea Ioyon  lo,cw | Kl o deas
001 0.4529  0.4525 3 1 001 0. 4599 0. 4596
010 0. 4238 0 010 0.4148
011 0.3094  0.3093 2 011 0.3075 0. 3079
100 0.2894  0.289 1 100 0. 2894 0. 2895
101 0.2438  0.2493 5 19 101 0. 2580 0.2578
110 0. 2391 0 110 0.2374 0. 2374
101 0.2342 0. 2339
002 0.2265  0.2263 18 8 002 0. 2297 0. 2298
111 0.2186 0. 2189
020 0.2117  0.2119 | 100 100 020 0. 2074 0. 2074
111 0.2114 | 111 0. 2041 0. 2037
012 0.1997  0.199 10 31 012 0. 2007 0. 2010
102 0. 1902
021 0.1918  0.1919 0.2 021 0. 1891 0. 1890
112 0.1731 0.1729
102 0.1713
120 0.1710 0.5 120 0. 1686
121 0.1616
112 0.1644  0.1643 2 0.7 112 0.1583
121 0.1600  0.1600 2 9 121 0. 1552
022 0.1547  0.1547 15 4 022 0. 1540 0. 1540
003 0.1508  0.1508 4 0.2 003 0. 1532
200 0.1448  0.1448 5 8 200 0. 1447 0. 1448
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Fig.2 Successive change of X-ray diffraction 200 250 300 350
patterns associated with the monoclinic (A) to T/ K
orthorhombic (F) transformation upon heating in Fig. 3 Temperature variation of the lattice

TiNio.eCuo.2, using CuKar. parameters upon heating in TiNig.sCug.o.
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Fig.6 Tensile stress—strain curves at various temperatures in TiNig.sCug.».
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“o0i- o Gy LA+ OISR

(@) B2EIRMHE-FIHH~LT o1 b

DI I FHEARE

Fig. 7 W XUR U e RRARIE ) % (i BE A D T
HOEETS L, UTORSORERECS
200 . HTE5s, Tabb,
(1) #40MPa DEIENT 1 BEDOARDRE
| fRaf o+ 275 K LR o EEEHEH
(2) $#40MPa DT 1EHBDRBERKS

d !/ MPa

0 l D S &SR T B 275~322K
250 300 350 400
TIK o {5 K i P
Fig.7 Yield stress gy, ogy as a function of (3) 18H, 2BBOBRRELHABREE
temperature. & :/ti\:p;fgj(vghz) 322~338 K @ﬁ}g
i

(4) BESTIRVD, 1BOZOBRRTEC LHRBREE (BRI DA KT 5 338~
357K DR EHEH
(5) 1BoAOERELZECL, RBREEDO LA LT ERICHIMET T2 357K L EDRE
Jicx TN

ThHD.

hbo s, BRRICHONRED EA L RCHEMT5HEBERE, (2), (3) 83X (4)
THHEN, ZD5b, (2) & (3) DREHEATHBE TS 2 BB ORRILH) DBEE G do/dT
X, (3),(4) DREHEATO1IEBRBEDLDICHKE TS L, WIBDETHL. ZOffix, K
=T vy FH-ERE LT vy~ P HEHOZERER (UH=0.29 k]/mol) & B2 B4
FE=F v OB EEE (WAH=0.93Kk]/mol) D FKITIZFE L, ZD I &k, Clausius—
Clapeyron like DX’ # R L, &« DBRIGHINNIET B IENHEERBCHE S THBH T &%
BERL T3, UEDZ ERBIVCXBREIFTOEELID, AEEDOIETT—FEMBCHBE T2 2BE
BEBRTE L, (2) ORETIHBOCEERMN TR~ T vo A4 FERETEIE TR
FOBEERFZES L (D) oFEAR), XbK, BILNRETENFEC L » THERGH<LT vy
A4 FHMERT S (o) OFME). T, (3) DREETIBEWCLKE L B2 BIRHENIEHFHFE
HEREC X » TRIHR~LT vyA PHC D ((DOFKEAR), X LREICITRETHERMA~ LT
v FERNENBEE (o) DFEBE) ShdbDTHHEELDH. DL 5 LBRWILHHR
<5 v FERENRAET A SE CuAINi B4 0 BER™ » A Wi il & THEIR TH
%75, TiNi RERERELTIFDTTH S,

Fto, (1) ORE®A T, BEAH AT VA P HEPBRPHCEETHY, BRITL T
(1) DFEBRTHDHERM~LVT v A F HOFEIIDEE T 5, €5 T, Hpth, R
<AT VA FPHHOFEINCLELIENE T 5 L, BEAEFLVWLEETL A,

22) Otsuka, K.; Sakamoto, H.; Shimizu, K.: Acta Met., 27 (1979), 585.
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4. #& E

TiNio.sCuo.2 A\, “=DEEA T\, LTORREEL.

(1) TiNio.sCuo.: (¥, B2 HEH-FHR~1r7 v+ A rH-BERE<AL T vy 1 PO 2
BT R T, K40 ZAEEIT 0.93k]/mol (Ms'=332K), 0.29 kJ/mol (Ms=280K) T
H5,

(2) B2 MRS~ T v A P HOLERBCH: S REERO MEAER LB Lz, AL
R ERC <L T v A P AVERL, 20, TOBBEIMBEGHEZHED KL ThHFE—D
HiRE2ET 5.

(3) TiNio.sCuo.e DRERIESE, Ti-50.3mol% Ni DL D HE L T, RHHIRET 24%%
, =AF vy A FRETH 1/3C@Ad LicflEd T,

(4) 328~338K DRREEHETIIB2RRMH-MFR~LT v 1 M- B~V T vV
A FHOWTRL IEHBELBC X 5 2BOREE, 203~322K OREFHHE TSGR~V

5w A F HOERA L A~ A T A MBS A T v MO BELECE
% 2 ROBREDHAABRD RS,



