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Effects of Thermo-mechanical Treatment on the Shape Memory Effect
and the Pseudoelasticity of Ti-50.2Ni and Ti-47.5Ni-2.5Fe Alloys

Toshio SABURI, Soji NENNO, Yasunori NISHIMOTO and Makoto ZENIYA

Synopsis :

Effects of thermo-mechanical treatment on the shape memory effect and the pseudoelasticity of a near
equiatomic Ti-50.2Ni (at%) and a ternary Ti-47.5Ni-2.5Fe (at%) alloy were investigated by tensile
tests for specimens which were cold rolled and subsequently annealed at temperatures between 400°C and
600°C. It has been found that at least 20% of cold working followed by 400°C annealing is necessary for
perfect pseudoelasticity to occur in the Ti-50.2Ni (at%) at temperatures above A #. By optical and elec-
tron microscope observations, it has been found that a high density of dislocations introduced by cold work-
ing and rearranged by annealing below the recrystallization temperature is effective to raise the critical
stress for slip deformation and thus to improve the shape memory effect and the pseudoelasticity.

It has been found for the ternary Ti—47.5Ni-2.5Fe (at%,) alloy that the thermo-mechanical treatment

improves the shape memory effect associated with the R-phase.
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Fig. 1. Stress-strain curves of the Ti-50.2 at%
Ni alloy annealed at 850°C for lh and water-

quenched.

— 38 —




b

Ti-50.2Ni (at%) &4 & Ti-47.5Ni-2.5Fe (at%) &4 T 5WRTEDE -

BRI XIET M s o R

573

THEERBR L CE bR IGT-E4 MW » Fig. 1 R
T WThoBECREWTHH 4% OO BET D F
THERE IR M2 cob BE Lic. Thbo BH-B4
A s &, BRIEDE 9°C TR/ ED, 2Rk
BRIEFE L D kot M B & 3 —KT5.
0°C 25 30°C DRE TR 3~1% OBLIE
B Ay BEE (# 50°C) Pl ko 80°C it 5 &5
SRMEEATS. ZhBRERCEN bV, BRER
CRETHEZN, 80°C mBwc v X xolkT s
2%, Fige 1 CREREZRFIVERHITRLTHS.

a0t
20%

400 25%

~N

(-3

-]
—

Stress MPa

400

I T T
15% Strain %

Stress MPa
S

S S B R
Strain %
Fig. 2. Improvement of pseudoelasticity achieved
by cold-rolling followed by annealing at 400°C.
Degree of cold-rolling is given above each stress—
strain curve. Tensile-tests were made at 50°C.
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Fig. 3. Stress-strain curves of
the Ti-50.2 at?,Ni alloy annea-
led at 400°C for 1h after 259,
cold rolling.
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Photo. 1. Recrystallization in a Ti-50.5at9;Ni
alloy. Annealed for lh at each temperature after
25% cold-rolling. Annealing temperature is shown
at the top of each photograph.
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Photo. 2. Electron micrographs a, ¢, e€) and the
corresponding diffraction patterns (b, d, ) of
cold-rolled (259%,) and annealed Ti-50.2Ni(at%)
alloy. Annealed for lh at 400°C (a and b), at
500°C (c and d), and at 600°C (e and f).
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Fig. 4. Yield-stress (0.5% offset stress) versus 0 ; T Ly N
test-temperature curves for the 50.2 at%Ni alloy = 2 ‘4
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Fig. 5. Yield-stress (0.5% offset stress) versus
test-temperature curves for the Ti-50.2 at?%Ni
alloy cold-rolled (6, 12, 15, 20 and 25%) and
annealed at 400°C for 1h.
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Fig. 6. Stress-strain curves of the Ti-47.5Ni2.5
Fe(at%) alloy annealed at 850°C for lh and
water-quenched.
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Fig. 7. Stress-strain curves of the Ti-47.5Ni-
2.5Fe(at%) alloy annealed at 500°C for 1lh after
309, cold-rolling.
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Fig. 8. A stress-strain curve of the Ti-47.5Ni-
2.5Fe (at9) alloy annealed at 850°C for lh after
309, cold-rolling. Stressed till the end of the se-
cond stage of deformation and unloaded. Tested
at -80°C.
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Fig. 9. Shape memory effect associated with the
R-phase of the Ti-47.5Ni-2.5Fe (at%,) alloy anneal-
ed at 500°C for 1h after 309, cold-rolling.
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Table 1. Transformation temperatures (in °C) of
the Ti-47.5Ni-2.5Fe (at%) alloy after thermo-
mechanical treatments.
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Fig. 10. Yield-stress (0.59 offset stress) of the
Ti-47.5Ni-2.5Fe (at9,) alloy.

(2) Annealed for 1h at 500°C. (b) Annealed for 1h at 600°C.
Photo. 3. Electron micrographs of cold-rolled and
annealed Ti-47.5Ni-2.5Fe(at%) alloy.
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