4

F5 LR IREEOMELERE (1D

A RRETERE—

i)
5
®

l*

MIYAZAKI, Shuichi* Research and Development of Titanium-Based Shape
Memory Alloys (III)
—The Honda Memorial Prize Lecture—

This paper presents the third part of the Honda Memorial Prize Lecture which is reproduced in three serial papers. This
part includes three topics in chapters 7, 8 and 9. The three chapters include (§ 7) development of biomedical beta titanium
based shape memory alloys, ( § 8) present and future status of applications of shape memory alloys and (§ 9) concluding re-

marks.
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*HBERE BEDER FeBE Fig. 45 Guide wires utilizing Ti-Ni superelasitc
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Ti-NiBBEZRVERTRRAT Y

Fig. 46 A stent utilizing Ti-Ni superelasitc wires.

A. Szold
Tel Aviv Sourasky Medical Center

P "

Fig. 47 A concept showing the function of Ti-Ni su-
perelastic stents.

Fig. 48 Various types of Ti-Ni superelastic stents in
2005.

Q) £RABEEEEOMSA
Ti-Ni ZE&£€

NiQPUIF—iE, SHE?

FEOREE

NiZEWT, AMRIZRERTTERTEEN
A5, e.g., Nb, Mo, Zr, Ta, Sn, Au, Ge,
Ga,...., O, N, etc.

Fig. 49 A concept of development of biomedical su-
perelastic alloys.
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(1) Ti-Nb
(2) Ti-Nb-X(X=Zr, Ta, Mo, Au, Pd, Pt, Ga,
Ge, Si, O, N, B)
(3) Ti-Mo-X(X=Ta, Nb, Zr, Au, Pd, Pt, Ga, Ge)
(4) Ti-Nb-Ta-Zr
(5) Ti-Nb-Ta-Zr-Mo
(6) Ti-Nb-Ta-Zr-Mo-(Au, Pt, Sn, Si, O, N)

Fig. 50 Biomedical Ni~free Ti-based shape memory
and superelastic alloys developed by the
author.
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Fig. 51 Ti-Nb—Zr ternary phase diagram showing
composition regions for shape memory effect
and superelasticity.
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Microstructure consisting of B-, &’-, ® and terraces

During B« o’ MT
STerrace // (2-11)y
= Direction of movement // [11-1],

Fig. 52 A typical microstructure consisting of f
phase, o” martensite and w phase.

Ti-Nb-Zr-(Sn, Al)-(O,N) ZHEHEESOERER

+ Zr: EREFHIEM, AAAEME Eﬂgﬁé’é@
+ Sn(Al) : AAH M EEEAEM

+ 0, N: F/RAS TR SR 6% BEME
o MI-BUBEFHOHE Ti-Nil ZPTER

o HAEMEEOHE

Ti-Nb-Zr-Sn

EH(%)

Fig. 53 An example of Ti-Nb-Zr—(Sn, Al)-(0, N)
showing 6% superelasitic shape recovery
which is equivalent to Ti—Ni.
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Fig. 54 Research papers on Ni-free Ti-based su-
perelastic alloys, which have been cited more
than 100 times since 2004.

(Ed. By T. Y and S. Mi;

England (2009)

Fig. 55 An editted book on shape memory alloys for
biomedical applications.
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Fig. 56 Comparison of elastic behavior of steel, gum
metal and Ti-Ni superelastic alloy.
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«”(202)
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Fig. 57 Elastic behavior of Ti-26Nb-(0-1.0)0 alloys
and corresponding diffraction patterns.
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Fig. 58 Lattice modulation around an oxygen due to
nano-domain phase transformation.
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Dark field images of modulated region in the B phase.
(a) (11 0)5[1 -10]5(V6) and (b) (1-10)a[110]5 (V5).
Fig. 59 Dark field images showing (a) V6 nano-—
domain variant and (b) V5 nano—domain vari-
ant.
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(a) before loading (b) EL =6 pm

A 2205 A
"3;_' by A

45

TEM micrographs of the
(Ti-23Nb)-1.00 alloy obtained by
in-situ observation. [001]g zone
selected area diffraction patterns
of (a) before loading, (b) under
load (EL= 6um), (c) under load
(EL= 18um) and (d) after unloaded.
Bright field images of (e) before
loading and (d) under load

(EL= 18um).

Fig. 60 Variation of diffraction spots due to elongation in a Ti-Nb—O alloy.

@ 23, (b) 2,

w ¢ un?f?aﬂed
S
S 4 ' EL=18 um
2
‘B
g 3 4 EL=6pm

V6 V6 V5 V5
* # * before
loading
A AB B’

Intensity profiles acquired for (a) line A-A’
and (b) line B-B’ in the former figure.

Fig. 61 Variation of diffraction intensity profiles of
V5 and V6 nano-domains during elongation.
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Ti-23Nb-2Zr-0.7Ta-1.20 Gum metal

220p

As-rolled specimen observed at RT.

Fig. 62 Diffraction spots of cold-rolled gum metal
and corresponding V5 and V6 nano-domains
observed at room temperature.
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Ti-23Nb-2Zr-0.7Ta-1.20 Gum metal

2205

As-rolled specimen observed at 90K.

Fig. 63 Diffraction spots of cold-rolled gum metal
and corresponding V5 and V6 nano-domains
observed at 90 K.
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Fig. 64 Deformable engine nozzle using Ti-Ni shape
memory alloy for reducing engine noise when
launching and achieving high engine efficien-
cy at high sky.
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Fig. 65 Estimated market size of shape memory al-
loys and necessary development of new alloys
and fabrication technology.
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Fig. 66 Summary of the presentation.
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Fig. 67 Laboratory members at a welcome party for
new students.
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