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Fig.2 Pouring PVA solution to a box with

wax model

Fig. 3 After pouring
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Fig. 7 3D surface data of Blood artery with Fig. 8 Print out by 3D printer
STL format
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INTRODUCTION

Implantation of stent or stent grafis is one of the most
developed technique in the minimally invasive treatments
of cardiovascular diseases, such as myocardial infarction,
aneurysm. Stent is a tube shaped mesh made of
biomedical alloys to expand stenosed blood vessels, Stem
graft is an artificial vessel attached onto a stent to support
aneurism from inside of vessels. Stainless steels are used
for the stents. Recently, new type of stents made of Ti-Ni
super-elastic alloy are developed.

In order to expand and hold the stenosed vessels with
stainless steel stents, a series of complex manipulation is
required. The Stent needs to be contracted once to set into
a delivery catheter and a balloon to expand the steni at
diseased part should be placed inside of the stent. For the
coronary artery, cardiovascular surgeons usually insert the
delivery catheter from groin artery and after reached to
diseased part the stent pulled out from catheter is
expanded by air pressure of the balloon unti] fixed
diameter. On the other hand, manipulation of Ti-Ni stent
is simpler than this. Due to its super-elastic deformation,
the stent expands to original diameter by pulling out form
the delivery catheter.

To ensure expansion and to show the holding strength, the
mesh patterns of the stents are carefully designed. Though
some stents made as segments and welded, most of the
stents are made from tube materials by laser cutting
technigue. The later exhibit their advantage for reliability
on mechanical properties while the former show the
advantage on the costs. Stent treatment is known as one of
expensive clinical technique now. In general, the materials
might be damaged by heat during welding, especially on
.their corrosion resistance. Not only welded portion where
once melied and re-solidified to join, but neighbour area,
which is known as heat affected zone (HAZ), is also
suffered severe damage. Considering the continuous
increasing of total amount of health care budget,
development of low-priced stent with safety reliability on
both mechanical properties and corrosion resistance is
strongly required.

In the present study, aiming to apply weld technique on
manufacturing of stents in near future, corrosion
resistance of super-elastic Ti-Ni welded wire in a pseudo-
physiological environment is investigated. As a reference
material, stainless steel is also tested.

EXPERIMENTAL

The super-elastic Ti-Ni wires (Ti-55.91 mass% Ni) being
3 mm in diameter and 20 mm in length, are prepared by
solution treatment followed by cold drawing. For these
wire, YAG laser was irradiated with 400 W in average
power, 20 Hz in frequency, 5.4 pm in beam diameter
under an Ar gas flow atmosphere. As the HAZ length was
measured larger than | mm in the preliminary study, the
laser was brradiated with 2 mm interval to ensure that each
part of a specimen showed welded portion or HAZ. Afier
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polishing up to n0.2000 emery paper, diameter and length
of each specimen was measured. Specimens without laser
irradiation were prepared as reference. Specimens made of
type 304 stainless steel were also prepared through same
procedure.

An immersion test in 1.0% lactic acid (PH 2.5) was
carried out to quantify corrosion resistance of the alloys in
a pseudo-physiclogical environment. Five specimens and
10.0 mi of 1.0 % lactic acid were put into a polyethyiene
test vessel. The liquid temperature was kept at 310 K
using isothermal water baths and the vessels were kept
shaking at 1.67 Hz during the test. When fixed immersion
time was elapsed, amount of ions released into lactic acid
were quantified by an inductively coupled plasma
emission spectrometer. Estimations were done released
ion per unit surface area of specimens. After each ICP
measurement, immersion liquids were renewed for the
next duration of the test. Amount of released ions was
summed up cumulatively in each period of the test. The
test continued up to 180 days in total.

RESULS AND DISCUSSION

Amount of Dissolved ion (Ti+Ni or Fe+Cr+Ni} during the
immersion test is shown in Figure 1. For both materials,
dissolved ion from welded wires is comparable to that
from virgin material. Within the conditions in the present
study, corrosion resistance of Ti-Ni wires was not affected
by YAG laser welding. Quick heating and cooling of the
laser welding is considered to result in to make less
changes in microstructures. It was supported by the anodic
polarization test conducted for same alloys.

Total amount of ions from stainless steel was lower than
that from Ti-Ni alloy wire. The former shows the
parabolic increasing in amount of dissolved ion, the latter
exhibit liner increasing. From this difference, it is
suggested that two different corrosion mechanisms act on
each alloy.
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Fig. Immersion curve of Ni-Ti wires in 1.0% tactic acid. Stainless
stee! (SS) wires show higher corrosion resistance than Ti-Ni
wires. Parabolic increasing in amount of dissolved ion is
observed while Ni-Ti wires exhibit liner increasing.
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