(RIFEERE)  TEIRRENE & & & W 22 IS IR 773 4 2
RApan b O IETERmES
By OBk 98 & BRILIEKRYE B BRI

EIRFEIEA S 2 O 2 NIRRT /N A A
B b oS uEmes

M B
(BRI LK)

Fundamental Study on Life Improvement of Endovascular

Device Using Shape Memory Alloy

Ryosuke Matsui
(Aichi Institute of Technology)

Abstract :

Recently, TiNi shape memory alloys (SMAs) have been used in medical devices such as self-
expanding stents. However, if Ni ions in the TiNi SMA dissolves in blood vessels by corrosion
reaction, it may cause a metal allergy. On the other hand, occurrence of fatigue fracture in an early
stage is concerned since they are placed in blood vessels for a prolonged amount of time.
Consequently, when designing stents, corrosion fatigue life is an important factor. The utilization
of the TiNi SMAs for designing of stents has been discussed in past studies. However, to the best
of our knowledge, there has been no study in the public domain that investigates the corrosion
fatigue properties of SMAs as part of the harsh environment in the blood stream. In this study, we
have developed a new heat treatment named “thermal nitridation treatment” that can generate a
passive layer on the surface of the TiNi SMA wire. By heat treating in an electrical furnace filled
with pure N, gas for 1 hour at 673 K and subsequently cooled in the furnace, we can generate the
passive layer on the TiNi SMA wire. Before the heat treatment, to generate the passive layer
uniformly, we mechanically polished an as-received material with thick oxide film by some abrasive
papers and a buffing compound. And then, we revealed that the corrosion resistance and the
corrosion fatigue life of the heat-treated TiNi SMA wire by an anodic polarization test and a

rotating bending fatigue test in NaCl water solution. The results obtained can be summarized as
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follows: (1) TiNi shape memory alloys subjected to the thermal nitridation treatment have the thin
passive layer. The corrosion resistance of the wire is almost the same as that of pure titanium
which is a representative biomaterial. (2) Especially in a low bending strain, the corrosion fatigue
life of the TiNi SMA subjected to the thermal nitridation treatment is much higher than that of the
TiNi SMA heat-treated in air.
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