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Research objective .

* The shape memory
temperature can be
controlled by adding
alloy elements.

Coating a
biocompatible
layer on nitinol

3. Evaluation of

biocompatibility

of the modified

Nitinol




Introduction



Nitinol

Unit NiTi
Fusion point °C 1250
Density g/cm? 6.4-6.5
Specific heat Jkeg K 490 440 390
Young's modulus GPa 23-83 80-100 70-100
Yield strength MPa 100-130 70 40
Tensile strength MPa 875 800 700
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Nitinol SMA- Soft tissue application

mm—————

. Esophageal stent
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Embolization device
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Artifical heart

Intra-uterine device

Vasodilation stent



Nitinol SMA- Hard tissue appllcatlon

Orthodontic wire
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Skull plate

Artificial cervical intervertebral
joint

|
i

A B
43.26.6.1.1-1 REZAELH

Scoliosis brace

Patella entire complex



Nitinol - Shape memory effect L
P y R &>

Couplin g Martensite

Z;l expanding

.

Cooling

Martensite Austenite

K Yamauchi, | Ohkata, K. Tsuchiya, S Miyazaki, Shape Memory and Superelastic Alloys: Applications and Technologies
https://www.google.com.tw/search?q=shape+memory+alloy+stent&source=Inms&tbm=isch&sa=X&ved=0CAgQ_AUoAWoVChMIrqqljMeGxglVFDK8Ch3XZAAY&biw=897&bih=535#imgdii=9PID44X1d_QEEM%3A%3B9PID44X1d QEEM%3A%3B4NgCm1mD3pXkVM%3A&imgrc=9PI|



TiNi based shape memory alloys w

TisoNisy, | TigNiyy - TigNig; | TigNisgSi; | TisoNiyg sMog s Ti5(Niy sCr 5

Mg (°C) 63.06 70 -40.94 -20 8.14 9.68 (M*)
Ag (°C) 73.773 110 -34.25 -1 29.14 35.2
S
Ph NickelTitanium Ratio
(at ;l;iC) B19’ so—2 A R Lt L B2 B2 B19™R
100 L4 =
’ L ]
R 200 5 P 270 211 234
(Hv) T sof- N J
5 )
- L)
Shape g o ;ﬂ "
recovery 100 5 » 94 98.5 100
(%) < VO™ Sk e =
® Hanlon et al. q\
-100 ,
Phase .
tI'aIleOI‘I’Il B2<—)B19, .15047 418 49 5i0 51 512 53 B2(-)B19, B2—>R—>B19’
ation Nickel Content (Atomic %)

+0.1at% Ni, PTT-10K A\ W
Body temperature: 36.1° C ~37.5C '
As Temp. is closer to Body Temp. is better /'

Ti5yNigy sCry 5
Ag=35.2°C

http://jijinetazan. 9% %E4% % 3%E7%8 5%E5%BA% % F%BC%9F-479



Disadvantages of Nitinol

( )

Ni*

Health concern

E Nltlnoli If the native oxide film is fractured, the release of Ni ions
may cause toxic and allergic reactions.

\ Body fluid

4 )

/ Coating
Surface coating

Nitinol An effective way to avoid Ni ions release
Improving the biocompatibility

\Body fluid J

Coating material

 Tioxide
 Ticarbide



Coating — Titanium nitride

» High hardness \

> Good wear resistance

» Good corrosion resistance a

» Good biocompatibility

» Reducing bacterial proliferation

Purpose

~ Knee Replacement

TiN

o o e e B B B o o B e » Total Ankle Replacement

’---------‘
---------—,



s Mechanical method

Blasting
Machining

. Chemical method |

treatmenth: Alkali etch

Anodic oxidation
CVD

..» Physical method




Electrical discharge machining, EDM
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Spark erosion process: An overview, Journal of Dental Implants | Jan - Jun 2011 | Vol 1 | Issue 1




Experimental setup



Electrical discharge machining (EDM)
: : EDM
O Environmental pollution
Servo
O Treat the waste oil
Control
O Product needs clean 3
Dry EDM (in gas) S
O Environmental friendly process
O Improving material removal rate .
Nitinol
[ 1
EDM

Base




Results
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Bending Test
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N2: 100%

NSYSU 100KV X500 102m WD 10.3mm

Recast
layer

TiN
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Optical density (OD)

In vitro tests

5 days incubation = MG63 Osteoblast-like Cell

Cytotoxic test
(Cell compatibility)

—=a— Control
1.8F —*—1A
—— SA
1.6 | —w— Negtive control

14}
1.2

1.0
0.8

0.6

TiN coating

0.4

02} ‘¢
0.0

8hrs 24hrs 3days Sdays 7days 9days

Times

Hemocompatibility test
(Blood compatibility)

Platelet

» The coating exhibited good in vitro biocompatibility and hemocompatibility as pure Ti.



Conclusions O

1) This study prepared Ti,q <Nic, Cro SMA which has a phase transformation
temperature close to body temperature.

2) After EDM, the SMAs exhibited improved surface hardness while retaining
good shape recovery ability.

3) The coating exhibited good in vitro biocompatibility and hemocompatibility
as pure Ti.

4) The coating, comprising TiN is expected to prevent the nitinol substrate from
contacting body fluid when EDMed SMAs are implanted in human body.
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