[UCI]1804: 24011- 200000239612

F NiTi ¢lo]ojg]

‘ao

I

o]
el =
e o
s —
=" N
o X
N ok

NO—OT) gl FRIOR A

70

|
2=

KoEolm Mmew NiTi 5o & o BBz

;O_l
B
;O_l

X!

N

N

N

N

Bo






Surface Characteristics of Tooth Colored NiTi Wire

20101 29 25¢

N
1o
£
i



I ”() qa \ |. l Ol

70

il
s

104

2009

N

N



E

;O_l

T

N

B

;O_l

%

N

ok
70

—

0

A
E

E

;O_l

re

N

A

3

=

124

2009



i

W m
e »
sl

o

A

25

oF
=
K

gl
No

at
eyl

!

o
sl

e



Table 1. The results of surface roughness (R.) for non-coated and coated NiTi

wire(rectangular type) after conventional surface roughness test ... 15

Table 2. Polarization resistance (R,) and solution resistance(Rs) of non-coated
NiTi wire(round and rectangular type) after electrochemical test in

0.9% NaCl solution at 36.5F1T s 23

Table 3. Polarization resistance (Rp) and solution resistance(Rs) of coated NiTi
wire(round and rectangular type) after electrochemical test in 0.9%

NaCl solUtION At 3651 oo e ees 23

_ii_



Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1. The samples used in this study. (a) non—coated sample, (b) polymer

coated sample, (c), (d) sample Preparation ..o 4
2. The experimental diagram for corrosion test ..o, 6
3. The microstructure of NiTi wire. (a),(b) at outer matrix, (c),(d) at inner
ITIALTTX  ceitieeieeec ettt ee st et ettt et et e s b e s s e e ses e e seee e s eessesae s et ase et e b s et s s eneasasennas 7
4. TMDSC curves for non-coated NiTi wire at various part in Fig. 1(c)
8
5. TMDSC curves for coated NiTi wire at various part in Fig. 1(c) ... 9
6. FE-SEM and EDS peaks showing coated surface and layer of NiTi

wire. (a) coated surface, (b) EDS peaks, (c) coated layer, (d) EDS line

DIOTILE e ettt e et ee e et e e st e ee e et e e e et e eeeee e eoes 10
7. FE-SEM showing non-coated surface of NiTi wire(round type). A:
curved part, B: curved and straight part, C: straight part ........... 11
8. FE-SEM showing coated surface of NiTi wire(round type). A: curved
part, C: stral@ht DAt oo 12
9. FE-SEM showing non-coated surface of NiTi wire(rectangular type).

A’ curved part, B: curved and straight part, C: straight part ........ 12
10. FE-SEM showing coated surface of NiTi wire(rectangular type). A:
curved part, B: curved and straight part, C: straight part ........... 13
11. AFM showing the non-coated and coated surface of NiTi
wire(rectangular type). (a),(b) non—coated, (c),(d) coated .......cc........ 14
12. AFM showing the non-coated surface of NiTi wire(rectangular type).
(a) low magnification (b) high magnification .......ccoeeeeeveeeeeeeenn. 15
13. AFM showing the coated surface of NiTi wire(rectangular type). (a)
low magnification (b) high magnification ..., 16

14. Anodic potentiodynamic polarization curves of non-coated and coated

- il -



NiTi wire(round type) after potentiodynamic test in 0.9% NaCl solution
at 36.5t1C. (a) non—coated, (b) coated ..., 18
Fig. 15. Anodic potentiodynamic polarization curves of non-coated and coated
NiTi wire(rectangular type) after potentiodynamic test in 0.9% NaCl
solution at 36.5+1°C. (a) non—coated, (b) coated ........cooooovieeeeeeeen. 18
Fig. 16. FE-SEM showing corrosion morphology of non—coated surface of NiTi
wire(round type) after potentiodynamic test in 0.9% NaCl solution at

365£1C. A: curved part, B: curved and straight part, C: straight part

Fig. 17. FE-SEM showing corrosion morphology of coated surface of NiTi
wire(round type) after potentiodynamic test in 0.9% NaCl solution at

365£1C. A: curved part, B: curved and straight part, C: straight part

Fig. 18. FE-SEM showing corrosion morphology of non—coated surface of NiTi
wire(rectangular type) after potentiodynamic test in 0.9%6 NaCl solution
at 365x1T. A! curved part, B! curved and straight part, C: straight
DATE e et e e et e e e e et e e e e e et ee e e e e e e e e sn e e e e eeene e e e eeneens 21

Fig. 19. FE-SEM showing corrosion morphology of coated surface of NiTi
wire(rectangular type) after potentiodynamic test in 0.9%6 NaCl solution
at 365x1T. A! curved part, B! curved and straight part, C: straight
DATE e et e e et e e e e et e e e e e et ee e e e e e e e e sn e e e e eeene e e e eeneens 21

Fig. 20. Bode plots of non-coated and coated NiTi wire after AC impedance
test in 0.9% NaCl solution at 365:t1TC. (a) non-coated round type
wire(A,B,C), (b) non-coated rectangular type wire(AB,C), (c) coated
round type wire(A,B,C), and (d) coated rectangular type wire(A B,C)

Fig. 21. Diagram of shape memory effect and super-elasticity of NiTi alloy8>

_iV_



Surface Characteristics of Tooth Colored Ni'Ti Wire

Cho, Joo-Young, D.D.S., M.S.D.
Director : Prof. Choe, Han-Cheol, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

NiTi alloy has been used for orthodontic wire due to good mechanical
properties, such as elastic strength and frictional resistance, combined with a
high resistance to corrosion. Recently, these wire were coated by polymer and
ceramic materials for aesthetics. The purpose of this study was to investigate
surface characteristics of tooth colored NiTi wire using various instruments.
Wires (round type and rectangular type) were used, respectively, for
experiment. Polymer coating was carried out for wire. Specimen was
investigated with field emission scanning electron microscopy(FE-SEM),
energy dispersive x-ray spectroscopy(EDS) and atomic force microscopy(AFM),

and electrochemical tester.
1. The phase transformation of non-coated NiTi wire from martensite to
austenite occurred at the range of 14T ~157C, in the case of coated wire, it

occurred at the range of 16TC~18T.

2. Polymer coating on NiTi wire surface decreased the surface defects such

as scratch which was formed at severe machined surface.

3. From the AFM results, the average surface roughness of non—coated and



coated NiTi wire was 13.1nm, and 224.5nm, respectively. From conventional
surface roughness test, the average surface roughness of non-coated and

coated NiTi wire was 0.046um, and 0.718um, respectively.

4. The passive region of non-coated NiTi wire showed largely, whereas, the
passive region of curved NiTi wire showed shortly in anodic polarization
curve. In the case of coated NiTi wire, pitting and crevice corrosion occurred

severely at interface between non-coated and coated region.

5. The pitting corrosion resistance | Epit-Ecorr | of Tound and rectangular wire

showed 650mV and 400mV, respectively.

6. From the AC impedance in 0.9% NaCl solution, polarization resistance(R;)
value of non-coated round and rectangular NiTi wire at curved part showed
510 x 10° Qe and 443 x 10° Qcr'. lower than that of coated Ti-30Ta-xZr
alloys. R, of coated round and rectangular NiTi wire at curved part showed

1.31 x 10° Qert and 1.19 x 10° Qer.

It is considered that the polymer coated NiTi wire can be used for aesthetics
and corrosion resistant in the clinical orthodontic field. But, in this study,
pitting and crevice corrosion can be severely occurred at interface between
non-coated and coated region. For this problem, the elaborate coating method
should be developed to increase the corrosion resistance at interface between

non—-coated and coated region.
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Fig. 1. The samples used in this study.

(a) non-coated sample, (b) polymer coated sample, (c), (d) sample

preparation
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Fig. 8. F—SEM shown oated surface of NiTi wire(round type). A:

curved part, C: straight part
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Fig. 9. FE-SEM showing non-—coated surface of NiTi wire(rectangular

type). A: curved part, B: curved and straight part, C: straight part
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(a) - (b)

Fig. 11. AFM showing the non-coated and coated surface of NiTi

wire(rectangular type). (a),(b) non-coated, (c),(d) coated
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Table 1. The results of surface roughness (R.) for non-coated and

coated NiTi wire(rectangular type) after conventional surface roughness

test.

surface Roughness

Ryl ] 1 2 3 4 5 Average

NiTi wire 00474~ 0.0851:n 0.0427m 00454m  0.0612m  0.04636um
[(non-coated)

NiTi wire 0.7223:m 07178 07175m 07178  0.7196m  0.71892um
[coated)
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Fig. 12. AFM showing the non—coated surface of NiTi wire(rectangular

type). (a) low magnification (b) high magnification
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Fig. 13. AFM showing the coated surface of NiTi wire(rectangular

type). (a) low magnification (b) high magnification
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Fig. 14. Anodic potentiodynamic polarization curves of non-coated and
coated NiTi wire(round type) after potentiodynamic test in 0.9% NaCl
solution at 36.5+17C. (a) non—coated, (b) coated
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Fig. 15. Anodic potentiodynamic polarization curves of non-coated and
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NaCl solution at 36.5+1C. (a) non-coated, (b) coated
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Fig. 16. FE-SEM showing corroion morphology of non-coated surface
of NiTi wire(round type) after potentiodynamic test in 0.9% NaCl
solution at 365+1C. A:! curved part, B: curved and straight part, C:
straight part

Fig. 17. FE- SEM showmg corrosion morphology of coated surface of
NiTi wire(round type) after potentiodynamic test in 0.9% NaCl solution
at 365x1TC. A: curved part, B: curved and straight part, C: straight
part
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Fig. 18. FE-SEM showing corrosion morphology of non-coated surface
of NiTi wire(rectangular type) after potentiodynamic test in 0.9% NaCl
solution at 365+1C. A:! curved part, B: curved and straight part, C:
straight part

Fig. 19. FE-SEM shoing corrosion morphology of coated surface of
NiTi wire(rectangular type) after potentiodynamic test in 09% NaCl
solution at 365+1C. A:! curved part, B: curved and straight part, C:
straight part
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Table 2. Polarization resistance (Rp) and solution resistance(Rs) of
non—coated NiTi wire(round and rectangular type) after electrochemical

test in 0.99% NaCl solution at 36.5+17C

Round A B C
R, (Qcm?) 510X 10° 7.34 X 103 1.72 X 106
R, (Qcm?) 1.17X 10! 2.44X 101 226X 10!

Rectangular A B L &
R, (Qcm?) 443X 10° 1.44 X 106 1.96 X 106
R, (Qcm?) 0.95X 10! 1.97 X 10! 1.60 X 10!

Table 3. Polarization resistance (R;) and solution resistance(Rs) of
coated NiTi wire(round and rectangular type) after electrochemical test

in 0.9%6 NaCl solution at 36.5+1TC

Round A B C
R, (Qcm?) 1.31X 106 7.95X 10° 241X 108
R, (Qcm?) 439X 10° 2.11X 10! 1.60 X 101

Rectangular A B ¢
R, (Qcm?) 1.19 X 106 1.65X 103 1.96 X 106
R, (Qcm?) 1.09X 103 3.56 X 10! 1.60 X 10!
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