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Fig. 1. Nitinol stent after heat treatment at 500 C for 30 min-
utes (Left), and the stent after the mechanical polishing (Right).
The mechanical polishing removes the blue color layer formed
during the heat treatment.
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Fig. 2. Mechanical polishing machine and walnut granules.
After attaching the stent tightly onto the holder, the stent and
the holder were immersed in the granules and moved circular-
ly for mechanical polishing of the stent surface.
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A
Fig. 3. Nitinol wire surface of the raw nitinol wire.

B

A. SEM photograph. The arrows show the microcracks along the wire-drawing machine direction and the arrowheads show the

microcracks along the cross direction.

B. The EDX result shows that the wire surface is composed mostly of nickel and titanium oxide.
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Fig. 4. Nitinol wire surface after heat treatment.

A. The SEM photograph shows that the wire surface is covered, although incompletely, with a new layer upon the heat treatment.
B. Sodium (Na), potassium (K], and chloride (Cl) atoms in EDX result are apparently from the hands of the worker, and the silicon
and aluminium atoms from the ceramic furnace.

Fig. 5. Light Microscopy showing the
nitinol wire surface after 2, 4, 6, 8
hours of mechanical polishing.




Hrals= Q| GXEI JIAHIA 0D} LIEl= AHEN OIXl= S

Eolonz ATl RS 47 hFE BE) Qek. o) ek ALl wee) §7] FAA WEOIAE AT TY
O 3RS RO TN AR 2HEE R Y S 23, TI0el 9] ofel 4 skl 4457 s,

=g olgaha gk, el oleld FHAE Bsw el esle] F4o) Aekshrin wasw Yrkil, 1), 1 94
w0l ged, BorH, HEHA 40 R AT/ 0l Mol @ F, el Ml EDX 3425 BE, 2%, 92,

A H g o84 o] gl Alofo] gtk B AT M 2ElE

T, dFvlEe] F7hR #EEAN(Fig. 4). o T UEEY
Az Al AR = A R 7IAA Ak o] YElE Al ZE, 283 94 UEE AAS A0 fe W 2Rk
o] EHlol] mA= Gl thato] A-aioint. EollM Y= Al Hos AKX AR fEr, if4
s Al dAze) mdoMs Alde] do] kst =2 of g d7jze] vido] Aty Ajdolnm a1
o vAddEe]l HAHNT UEs A2 e A 94T o 380 F3E A ow At 2HES 46
7he e 7R gol(die) & S3AA Axsk=d, old b = F5AR tE 94t EeeR Ak, AW A #
oj9] Mz ALt wE Bkl o] =(WC)olAY B4 AR thE A4 ko] A9jatel ofgh dAud whg-S 53t
ThoJol2=olt}, o] tho] o] Frlo] 3] WehslA] ¢far FAo] dojd = =t o E o|FEHHEFTA F2
Qo] EAtER, YEs Al Aol Wgkow 31 Ado]  RAolghal dnp wpehd a1 AAe] & FrHA]] mHALE
RHEolRIh UEE A4S tholS S - dg o gob e @ Arels 259 A 5o e AlxE A 2
BysHA s=d dgor 2 dHold s = S0l B delof ok Bl e AlVIste] w4
‘3}74] e}, o] =x5-go] ojsto] ol AQl WEoR F Fig. 59} Fig. 6> 71414 Avtel 2315 Fstdv] 4} H#
& vpolaR AEo] FAu= AR s Hn. Y= Ao FARANE o2 HolFa gtk Fig. 5= #dvdS o4&
AAzell= EDX 4] 23 YA Elekg o]l @49k 4 stole Al Fo el = JHE 4EE 5 dus
27b BAERAT A Eebge] w7 ol =EE= 49 dE BolFa glen, Avt 8 Fel| o] ks Ao v
A Atstelo] o) itstEEbE (TiOg) & FAs] Woleta Al ddo] AAE AR AAFA N G o= e S
AZFeh | BAarh WA EHE e vhol o] A gt ®§agl Fhite] (Fig. 6). EDX &4 Z3%= YAzt Eehy darte] gely]
= 8 A tojolZ ol B UEs Al Alx Al the] - 31, FAE] & *ZHOW UYEF, 2w, 948 ot &FvlE
kel vpE Sl UElE Aldes &A% AR sidE s 9xdd flofxl A3k RolErk(Fig. 7).
. = A aﬂri fiEﬂ_E Al zzell AH-5= e Al o] ]

Shabalovskaya 5(9)<, o12] 7k4] UElE A4 de&
Xray #44 Bdon RAGgEY, o5 & AT 2
et ge] U A EHelA Yo Hebrrtt o 2500
& wEe Bach 2had B, ol5el Aol & A
o] Ao}l vhE AL ¥W Aol ALgE 777 b2y g |
ot} & o]50°] A& X-ray FHA FFH (X-ray 1500
photoelectron spectroscopy; XPS)& 57 1.5 Yx=r|E A
Lo FHS A sk=Y vlste] & Aol A ARg-kE EDXE e i

o 1 lolaAmulE o] EAL BAS) wie], $ASHE HY || N
o] FA7} 6008 2] 2po] 7} b}, ﬂ | N
L]]ﬂl\:- k“H"] Oﬂ;q‘:q T, ‘ﬂ}ﬂ"] /\ﬂ@—o] tﬂﬂo}dbtﬂ Flg i) 5 10 15 20 a

R e = = MY T oz = A ig. 7. of nitinol wire atter mechanic olishing. Na, K,
B7ko] W3 o] ¥ A3 Fig. 7. EDX of nitinol wire aft hanical polishing. Na, K
‘ﬁ_ v)u} ) Fo|n Qula o 7 ALSHE|EFE 3]uke 24 o] L9 Cl, Al, Si, and C atoms were completely removed after the pol-
Q
[e]

b S = ]
N ishing.
F3 PAs UY 59 $4S oISk 5 M 8

Fig. 6. SEM photographs showing the
effect of mechanical polishing on niti-
nol wire surface. The microcracks on
the nitinol wire (A) were completely
removed after the mechanical polish-
ing for 8 hours (B).
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Fig. 8. Light microscopy showing the incompleteness of me-
chanical polishing. The blue color of TiO, layer remains after
mechanical polishing, because the granules cannot gain access
to the wire crossing point (arrow).
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Nitinol Stent'
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Purpose: To understand the effect of heat treatment and mechanical polishing of a Nitinol wire on the chemi-
cal composition and physical morphology of the wire surface.

Materials and Methods: ~ Stents with a diameter of 1.0 cm, length of 8-10 cm, and composed of a Nitinol wire,
were heat-treated at 500°C for 30 minutes, and mechanically polished with walnut shell granules. The wire
surface morphology was studied with both an optical and a scanning electron microscope (SEM). In addition,
an elemental analysis was performed by Energy Dispersive X-ray spectroscopy (EDX).

Results: Long microcracks along the wire direction and short microcracks across the wire were observed by
SEM from the raw Nitinol wire. Upon heat treatment, the color of the wire turned blue, and Na, K, Cl, Si, Al
atoms were seen from the EDX of the heat treated wire, which were absent in the original wire. The microc-
racks disappeared with the mechanical polishing, and the Na, K, CI, Si, Al atoms all disappeared after the me-
chanical polishing.

Conclusion: Mechanical polishing using walnut shell granules effectively removed the microcracks of a nitinol
wire and impurities produced from the heat treatment.
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