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Table 1. The coating conditions of TiN/Ti and ZrN/Ti multilayer.............c.........

Table 2. The conditions of electrochemical corrosion test

Table 3. The results of corrosion potential(Ecor), corrosion current density (Leor)
and current density(Ispomv), polarization resistance(R,) of coated Ni-Ti files
after electrochemical test in 0.9% NaCl solution at 36.5+1C
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Fig. 7. FE-SEM micrographs showing the TiN/Ti and ZrN/Ti coated Ni-Ti
file surface. (a) TiN/Ti coated (X 200), (b) TiN/Ti coated (X 3000), (c¢) ZrN/Ti
coated (X 200), and (d) ZrN/Ti coated (X 3000)......ccccmiiimivieeieiieeeeeeeeeeeeeeeeeaes
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Fig. 14. Duplicated Bode plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and
7ZrN/Ti coated Ni-Ti files after AC impedance test in 0.9% NaCl solution at
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Fig. 15. Bode-phase plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and ZrN/Ti
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Fig. 17. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file surface
after potentiodynamic test in 0.9% NaCl solution at 36.5+1°C. (a) non-coated
surface, (b) EDS peaks of non-coated surface, (c) Ti coated surface, (d) EDS
PEAKS Of T1 COALEA SUITACE ..o oot
Fig. 18. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file surface
after potentiodynamic test in 0.9% NaCl solution at 36.5+1C. (a) TiN coated
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Fig. 19. FE-SEM showing the pitting corrosion of Ni—-Ti file surface after
potentiodynamic test in 0.9% NaCl solution at 36.5+1C. (a) Ti coated surface,
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Fig. 20. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file surface
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Electrochemical Characteristics of TiN/Ti and

ZrN/Ti Multilayer Coated Ni—-Ti Alloy Files

Park, Jun-Mo, D.D.S., M.S.D.
Director : Prof. Hwang, Ho—Keel, D.D.S., M.S.D., Ph.D.
Department of Dental Engineering,

Graduate School of Chosun University

Ni-Ti file demands on instruments used to clean and shape the root canals.
The clinical Ni-Ti file is required the longest fatigue fracture life and wear
resistance with small metallic ion dissolution in root canal space.

The purpose of this study was to investigate the electrochemical
characteristics of TiN/Ti and ZrN/Ti multilayer coated Ni-Ti alloy files
. ProTaper®(Maillfer, Dentsply, Ballaigues, Switzerland) were used,
respectively, for experiment.

In order to observe the coating film and mechanical manufacturing defects of
Ni-Ti file before coating and after coating, surfaces of specimens were
observed by field emission scanning electron microscope(FE-SEM). TiN/Ti and
ZrN/Ti multilayer coating was carried out on the Ni-Ti file surface using pure
Ti and Zr target materials with nitrogen gas at 25C. The electrochemical tests
of TiN/Ti and ZrN/Ti multilayer coated Ni-Ti file surface were performed by
using potentiodynamic and AC impedance test in 0.9% NaCl solution at 365 *
1°C. After anodic polarization test, corrosion morphology was observed by

FE-SEM and energy dispersive X-ray spectroscopy(EDS).

The results were as follows:

1. The surface of TiN/Ti and ZrN/Ti multilayer coated Ni-Ti files showed the

smooth surface without mechanical defects like a scratch formed by



manufacturing process compared to non-coated and monolayer coated Ni-Ti

files.

2. The corrosion potentials of TiN/Ti and ZrN/Ti(-732 mV) multilayer coated
Ni-Ti files were higher than those of non-coated(-1084 mV) and monolayer
coated Ni-Ti files, whereas current density of TiN/Ti and ZrN/Ti(6.16 X 10°®
A/cm?) multilayer coated Ni-Ti files was lower than those of non-coated(4.47

X 10° A/cm?) and monolayer coated Ni-Ti files.

3. Polarization resistance(R,) of TiN/Ti(5,080,585 Qcr') and ZrN/Ti(6,750,688 &
cr) multilayer coated Ni-Ti files were higher than those of

non—coated(3,033,490 Qcnf) and monolayer coated Ni-Ti files

4., The corrosion morphology of non-coated and monolayer coated Ni-Ti files
showed the many pit on the surface compared to TiN/Ti and ZrN/Ti

multilayer coated Ni-Ti files.
It is confirmed that TiN/Ti and ZrN/Ti multilayer coating on the Ni-Ti files

can be improved the bio-stability, wear resistance and fatigue fracture

resistance of Ni—Ti file due to delete the mechanical manufacturing defects.
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(Maillfer, Dentsply, Ballaigues, Switzerland)¢] Ni-TiZ QS 8] &} 9]},

Bde 25 e F1 ¥ F22 A€t (Fig. 1).

Fig. 1. Ni-Ti files used in this study.
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Fig. 2. The schematic diagram of sputtering equipment.

Table 1. The coating conditions of TiN/Ti and ZrN/Ti multilayer

Conditions RF-Sputtering

Coating Film TiN Ti ZrN

Base Pressure 3.0X107 Torr 3.0X10° Torr 3.0x107 Torr

Working 10~20 mTorr  10~20 mTorr 10 ~20 mTorr

Pressure

Gas N,(35 secm) Ar (40 scem) N, (35 scem)
Ar (5 scem) Ar (5 scem)

Operation 25 °C 25 25 °C

Temperature

Pre-sputtering 20 min 20 min 20 min

Deposition Time 60 min 60 min 60 min

Power 100W 100W 100W
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s
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il
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EG&G Potentiostat 263A
O 1025 FRD

O

|

0.9% NaCl Solution

Q
‘/
A

counter electrode

Computer

reference electrode

[ Working electrode(Ni-Ti file)

Fig. 3. The schematic diagram of electrochemical test equipment.

Table 2. The conditions of electrochemical corrosion test

Conditions Potentiodynamic test A.C. impedance
Electrolyte 0.9% NaCl 0.9% NaCl
Working electrode Sample Sample
Counter electrode High dense carbon High dense carbon
Reference electrode SCE SCE
Scan rate 1.667 mV/s —
Temperature 3635+ 1°C 365+ 1°C
Potential range - 1500 ~ 2000 mV —
Frequency range — 100 ki ~10 miz
A.C amplitude — 10 oV
Point — 5 point/decade
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28 Oy 18 Brr x200 SEIM)

Fig. 5. FE-SEM micrographs showing the non-coated and Ti coated Ni-Ti file
surface. (a) non-coated (X 200), (b) non-coated (X 3000), (c) Ti coated
(X 200), and (d) Ti coated (X 3000)
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415 0KV 15 B 2200 S&MI

Fig. 6. FE-SEM micrographs showing the TiN and ZrN coated Ni-Ti file
surface. (a) TiN coated (X 200), (b) TiN coated (X 3000), (c) ZrN
coated (X 200), and (d) ZrN coated (X 3000)
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Fig. 7. FE-SEM micrographs showing the TiN/Ti and ZrN/Ti coated Ni-Ti
file surface. (a) TiN/Ti coated (X 200), (b) TiN/Ti coated (X 3000), (c)
ZrN/Ti coated (X 200), and (d) ZrN/Ti coated (X 3000)
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Fig. 8 FE-SEM micrographs showing the Ti coated surface and layer of
Ni-Ti file. (a) X 5000, (b) X 50000
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Fig. 9. Potentiodynamic polarization curves of non-coated, Ti, TiN, ZrN,

TiN/Ti, and ZrN/Ti coated Ni-Ti files after potentiodynamic test in 0.9% NaCl

solution at 365+1°C. (a) non-coated and Ti coated, (b) TiN, and ZrN coated,

(c) TiN/Ti and ZrN/Ti coated
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Fig. 10. Duplicated potentiodynamic polarization curves of non-coated, Ti,

TiN, ZrN, TiN/Ti, and ZrN/Ti coated Ni-Ti files after potentiodynamic test in

0.9% NaCl solution at 36.5+1C.
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Fig. 11. Nyquist plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and ZrN/Ti
coated Ni-Ti files after AC impedance test in 0.9% NaCl solution at 36.5+1C.

(a) non-coated and Ti

coated, (b) TiN, and ZrN coated, (c) TiN/Ti and
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Fig. 12. Duplicated Nyquist plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and

ZrN/Ti coated Ni-Ti files after AC impedance test in 0.9% NaCl solution at
36.51C.
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Fig. 13. Bode plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and ZrN/Ti coated
Ni-Ti files after AC impedance test in 0.9% NaCl solution at 36.5+1C. (a)
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Fig. 14. Duplicated Bode plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and

7ZrN/Ti coated Ni-Ti files after AC impedance test in 0.9% NaCl solution at
36.5+1C. (a) non—coated and Ti coated, (b) TiN, and ZrN coated, (c) TiN/Ti

and ZrN/Ti coated
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Fig. 15. Bode-phase plots of non-coated, Ti, TiN, ZrN, TiN/Ti, and ZrN/Ti
coated Ni-Ti files after AC impedance test in 0.9% NaCl solution at 36.5+1C.
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Fig. 16. Duplicated Bode-phase plots of non-coated, Ti, TiN, ZrN, TiN/Ti,

and ZrN/Ti coated Ni-Ti files after AC impedance test in 0.9% NaCl solution
at 36.5+17C.
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Table 3. The results of corrosion potential(Ecor), corrosion current density (Ieorr)
and current density(Ispomv), polarization resistance(R,) of coated Ni-Ti files
after electrochemical test in 0.9% NaCl solution at 36.5+1C

Conditions E yprr(mV) I (A/Cm?) 350 (A/Cm?) Ry (Qem?) Ry (Qem?)
Non -1084 4.47 X 10°% 1.01 X 10°% 3,033,490 9.56

Ti -1113 7.47 X 10°% 5.45 X 10°% 27,546 15.42
TiN -1000 5.23X 10°% 1.70 X 108 1,641,882 17.07
ZrN -881 7.03 X 107 1.79 X 10°% 2,457,880 20.20
TiN/Ti -753 7.01 X 107 2.63 X 107 5,080,585 14.55
ZrNTi -732 6.16 X 10°% 1.19 X 107 6,750,688 11.55

4. TiN/Ti @ ZrN/Ti 293899 Ni-Tivtd e H A3 & gHAZ
g
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A EDS®E4 A5 vekd Aotk ()¢ (b)= TiN/Ti B5Ha2" 2, (09 (D=

Elmt Spect Inten, Sid Element Slgma Atomic
Twpe Corrn, Corm, % %

Tik ED 0894 127 4473 057 49380

Wik ED 0873 083 5527 057 50.20

Total 100,00 100,00

Energy kev)

Fig. 17. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file
surface after potentiodynamic test in 0.9% NaCl solution at 36.5+1TC. (a)
non-coated surface, (b) EDS peaks of non-coated surface, (c) Ti coated
surface, (d) EDS peaks of Ti coated surface
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Fig. 18. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file
surface after potentiodynamic test in 0.9% NaCl solution at 36.5t1C. (a) TiN
coated surface, (b) EDS peaks of TiN coated surface, (¢c) ZrN coated surface,
(d) EDS peaks of ZrN coated surface

Fig. 19. FE-SEM showing the pitting corrosion of Ni—-Ti file surface after
potentiodynamic test in 0.9% NaCl solution at 36.5+1C. (a) Ti coated surface,
(b) TiN coated surface, (¢) ZrN coated surface
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: (b) Ti

Elmt Spect Inten, Std Element Sigma Atomic
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Fig. 20. FE-SEM morphologies and EDS peaks of corroded Ni-Ti file
surface after potentiodynamic test in 0.9% NaCl solution at 365+t17C. (a)
TiN/Ti coated surface, (b) EDS peaks of TiN/Ti coated surface, (¢) ZrN/Ti
coated surface, (d) EDS peaks of ZrN/Ti coated surface
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