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Table 1. The coating conditions of TiN/Ti and ZrN/Ti multilayer
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Fig. 1. Photographs of Ni—Ti files used in this study.......ccccocoviviiiiiiiiieeeeen.
Fig. 2. The schematic diagram of sputtering equipment..........ccccceeeeveeeviveeieenenn.
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Fig. 5. FE-SEM micrographs showing the non-coated Ni-Ti file surface. (a) X
200, (b) X 1000, (€) X T0000...... . oot
Fig. 6. FE-SEM micrographs showing the Ti coated Ni-Ti file surface. (a) X
200, (b) X 1000, (€) X 10000 ... oo
Fig. 7. EDS peaks showing the non-coated and Ti coated Ni-Ti file surface.
(a) non coated (b) Ti €OAtEA ..ooioiiiiiieeeeeeeee e
Fig. 8. FE-SEM micrographs showing the TiN coated Ni-Ti file surface. (a) X
200, (b) X 1000, () X T0000..... .. oottt
Fig. 9. FE-SEM micrographs showing the ZrN coated Ni-Ti file surface. (a) X
200, (b) X 1000, () X TO0000..... .. oot
Fig. 10. EDS peaks showing the TiN coated and ZrN coated Ni-Ti file
surface. (a) TiN coated (b) ZrN coated.......ccccooiioioiiieieeeeeeeeeeeeee e,
Fig. 11. FE-SEM micrographs showing the TiN/Ti coated Ni-Ti file surface.
(a) X 200, (b) X 1000, (€) X T0000...... . oo
Fig. 12. FE-SEM micrographs showing the ZrN/Ti coated Ni-Ti file surface.
(a) X 200, (b) X 1000, () X T0000...... . oo
Fig. 13. EDS peaks showing the TiN coated and ZrN coated Ni-Ti file

surface. (a) TiN/Ti coated (b) ZrN/Ti coated.....cccoooveooimeieeeeeeceeeeeeennn,
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Fig. 14. Optical micrographs showing hardness trace of non-coated and
multilayer coated Ni-Ti file surface after micro-vickers hardness test. (a)
non-coated (b) Ti coated (¢) TiN coated (d) ZrN coated (e) TiN/Ti coated (f)
ZEN/TT COALRA. .ottt et ettt ettt

Fig. 15. Micro—vickers hardness of non-coated and multilayer coated Ni-Ti file
SUTTACE ..ottt ettt et ettt

Fig. 16. SEM showing the scratch trace of non-coated and Ti coated Ni—-Ti
file after scratch test. (a) non-coated (X 300) (b) non-coated (X 500) (¢) Ti
coated (X 1000) (d) Ti coated (X 5000) ...ttt

Fig. 17. SEM showing the scratch trace of TiN coated and ZrN coated Ni-Ti
file after scratch test. (a) TiN coated (X 500) (b) TiN coated (X 1000) (¢) ZrN
coated (X 500) (d) ZrN coated (X 1000) ...

Fig. 18. SEM showing the scratch trace of TiN/Ti coated and ZrN/Ti coated
Ni-Ti file after scratch test. (a) TiN/Ti coated (X 500) (b) TiN/Ti coated (X
1000) (c) ZrN/Ti coated (X 2000) (d) ZrN/Ti coated (X 5000)......cccocimmviceemeveeeennns

Fig. 19. FE-SEM showing fractured non-coated and Ti coated Ni—Ti file after
fracture test. (a) non-coated (X 500) (b) non-coated (X 10000) (c) Ti coated
(X 1000) (d) Ti coated (X 2000).... ..ottt

Fig. 20. FE-SEM showing fractured TiN coated and ZrN coated Ni-Ti file
after fracture test. (a) TiN coated (X 1000) (b) TiN coated (X 5000) (c) ZrN
coated (X 5000) (d) ZrN coated (X 5000) ...t

Fig. 21. FE-SEM showing fractured TiN/Ti coated and ZrN/Ti coated Ni-Ti
file after fracture test. (a) TiN/Ti coated (X 1000) (b) TiN/Ti coated (X 5000)
(c) ZrN/Ti coated (X 1000) (d) ZrN/Ti coated (X 5000)....ccmeommeceeeeeeeeeeeeeeann
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Surface Behaviors of Ni—-Ti File Coated with
TiN/Ti and ZrN/Ti Multilayer

Kang Ho-Min, 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

The purpose of this study was to investigate the surface behaviors of
Ni-Ti file coated with TiN/Ti and ZrN/Ti multilayer. ProTaper®(Maillfer,
Dentsply, Ballaigues, Switzerland) files, F1 and F2 were used for the
experiment.

In order to decrease the defects of Ni-Ti file surface, TiN/Ti and ZrN/Ti
multilayer film coating were carried out on the Ni-Ti file surface using
RF -sputtering, respectively. Pure Ti and Zr targets were used for TiN/Ti and
7ZrN/Ti film coating with high pure nitrogen gas. The surface defects of
specimens were observed by field emission scanning electron
microscope(FE-SEM) and energy dispersive x-ray spectroscopy(EDS) on the
file surface. The hardness, adhesion and fracture surface of multilayer coated
Ni-Ti file surface were observed with FE-SEM, EDS, vickers hardness tester,

scratch tester and tensile tester.
The results were as follows:

1. TiN/Ti and ZrN/Ti coating on Ni-Ti file surface decreased the crack site
for fatigue fracture and mechanical defects such as scratch created by

machine.

2. The surface hardness of TiN/Ti and ZrN/Ti coated Ni-Ti file(670) was



higher than that of non-coated Ni-Ti file(380). The TiN/Ti and ZrN/Ti coated

Ni-Ti files showed higher adhesion than non-coated Ni—Ti file.

3. Fractured surface of Ni-Ti file showed the brittle fracture behavior at the
exterior and ductile fracture behavior at the interior. The ductile fracture
behavior appeared predominantly from exterior to interior of Ni-Ti file. The
cleavage fracture region of TiN/Ti and ZrN/Ti coated Ni-Ti files decreased

compared with non-coated Ni-Ti file.

It is considered that the TiN/Ti and ZrN/Ti multilayer film which would
prevent Ni-Ti files from fatigue failure can be applicable to root canal
instrument system act as inhibitor against crack nucleation and growth on

Ni-Ti file surface due to decrease of mechanical defects.
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7h A7 A=R

¥l TIN/Ti 2 ZrN/Ti Z® A g st7] Hsted Al#H o2 Ni-Tidtd (ProTaper
® Maillfer, Dentsply, Ballaigues, Switzerland)& A}43 9tk 32 < 25 me] Fl
% F2& Ades At (Fig. 1.

Fig. 1. Photographs of Ni-Ti files used in this study.

o d7Ed

a Ni-Ti +d 393 s9Z2% #&

Ay gdde] #FE 2 35S 7F field-emission scanning electron
microscopy(FE-SEM; S-4800, Hitach, Japan)®} energy dispersive x-ray
spectroscopy (EDS;S-4800, Hitach, Japan)S A3ttt EDSHH o2 XA o A
N7F yEo2 JEgYa JduAE xFo g FAE 18 Z7t AojZtl. EDS Al

9o FFE e BE 54 X A9 A} /o Ho] Yonw AMEY vaz
2~

=

2E ¢

R

b. Ni-Ti®t4d ] TiN/Ti ¥ ZrN/Ti =324
sde] FwWeol TIN/Ti 2 ZrN/Ti ©&5% FZH® -2 RF-sputtering® ] (Cliotek

Ion-Plating, Cliotek, Inc. Korea)& A}l&3t% o™ FAHIAAL Fig. 21 YEHA
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Y. gALRZE £ Ti 2 Zr(99.998%, Williams Advanced Materials,
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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 3.0x10° Torr 3.0X10° Torr 3.0X10- Torr

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

Pressure

Gas N,(35 scem) Ar (40 sccm) N,(35 scem)
Ar (5 scem) Ar (5 scom)

Operation 25 ¢ 25 °C 25 °C

Temperature

Pre-sputtering 20 min 20 min 20 min

Deposition Time 60 min 60 min 60 min

Power 100W 100W 100W




c. Ti, TiN, ZrN, TiN/Ti % ZrN/TiZ®B 2 Ni-Tis%td o W &4

IYFTHEA ] WstE #Es7 98] FE-SEM# EDSE Ab&3te] WS &
st 2l F3AFEL tololr = tipS AEste] RUAIAEE
100gr/mm?2] & o2 100mm/min& =2 39tk THe AEZAEL Vickers 7
EA (ModellHMV-112, Akashi, Japan)E ©|§3to] 3% 100 gf= 5% &< #%H

of BF & sbekel AYEAY AR ALY

d. Ti, TiN, ZrN, TiN/Ti & ZrN/TiZ® ¥ Ni-Tistd 9 - AH

oo TIN/Ti 2 ZrN/Ti 2228 ¥ Ni-Tigtd o s34 7% S 246
Aste] AT AFUE=A 7 (AG-10kNX, SHIMADZU, Japan)E o] &3ko] 3%
wIAAPE AAFA G (Fig. 3). Ni-Tigtd 9 JEe 9=

al
1/35-¢ ¢l Eo A 5 mm/min® head speed® =352 Fo] BAAZ T 92

¥ ¥We& FE-SEME Al&ate] #2319

Fig. 3. The schematic diagram of fracture test equipment.
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1. Ti, TiN, ZrN, TiN/Ti 2@ ZrN/TiZ® ¥ Ni-Tivtgd2] gdH &=
Fig. 4= RF-sputtering”] S A}£3to] Ni-Tivtd o] Wl Ti, TiN 2 ZrNuh=}

$ BETor 3P ALY BelFn Atk (E :HHA e HUL, (b

Fig. 4. Photographs showing multilayer coated N*Ti files. (a) non-coated ()
Ti coated (c) TiN/Ti coated (d) ZrN/Ti coated

Fig. 5+ ZH¥A &L Ni-Tigtde #E¥WS FE-SEMo=Z #zEg 2009 (a),
10008H (b) 2 100008 (¢)&] ARzl o] tH(Fig. 5 a to ¢). (a)llA] AA A= FHI *
Aol 7| A7tEs 2ele Wdow Ads @ 2adqxr #FHAH. (b9 (o)
= WS 100008174 Fojg A ow & a7t e 71AZ A
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115.0kV 8.0mm %200 SE(M)

Fig. 5. FE-SEM micrographs showing the non-coated Ni-Ti file surface. (a) X
200, (b) X 1000, (¢c) X 10000

Fig. 6. FE-SEM micrographs showing the Ti coated Ni-Ti file surface. (a) X
200, (b) X 1000, (c) X 10000
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o i i (a)
E Elmt Spect Inten, Std Element Sigma Atomic
5 Type Corrn, Corm, % % %
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Energy (ke\)

Fig. 7. EDS peaks showing the non-coated and Ti coated Ni—Ti file surface.

(a) non—coated (b) Ti coated

AT

Fig. &. E*SM microgr s showing the ioatd Ni-Ti file surface. (a) X
200, (b) X 1000, (¢) X 10000
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Fig. 9. FE-SEM micrographs showing the ZrN coated Ni-Ti file surface
200, (b) X 1000, (c) X 10000

Counts
2000 7 (a)
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Counts
m_. Zr (b)
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500 i
4 Hi ¢ Ti Ni
4 n I
i ! zt h Ni Zr
o 1 A Zi Zr
T T T T
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Energy (keV)

Fig. 10. EDS peaks showing the TiN coated
(b) ZrN coated

surface. (a) TiN coated
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Fig. 11. FE-SEM micrographs showing the TiN/Ti coated Ni-Ti file surface.
(a) X 200, (b) X 1000, (¢c) X 10000

Fig. 12. FE-SEM micrographs showing the ZrN/Ti coated Ni-Ti file surface.
(a) X 200, (b) X 1000, (¢) X 10000
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Fig. 13. EDS peaks showing the TiN coated and ZrN coated Ni-Ti file
surface. (a) TiN/Ti coated (b) ZrN/Ti coated
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Fig. 14. Optical micrographs

multilayer coated Ni-Ti file surface after micro-vickers hardness test.
non-coated (b) Ti coated (c) TiN coated (d) ZrN coated (e) TiN/Ti coated (f)
ZrN/Ti coated

Fig. 15. Micro-vickers hardness of non-coated and multilayer coated Ni-Ti file

surface.

Hardness (Hvy)

700 5
650 -
500
550
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400 4
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300
250
200
150
100 3
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[ Tnoncoated
EZZA Ti coated
A TN coated
BS2E 7 coated
E== TiN/Ti coated
B Zri/Ti coated

—

showing hardness trace of non-coated and

Specimens
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Fig. 16. SEM showing the scratch trace of non-coated and Ti coated Ni-Ti
file after scratch test. (a) non—coated (X 300) (b) non-coated (X 500) (c) Ti
coated (X 1000) (d) Ti coated (X 5000)

Fig. 17. SEM showing the scratch trace of TiN coated and ZrN coated Ni-Ti
file after scratch test. (a) TiN coated (X 500) (b) TiN coated (X 1000) (c) ZrN
coated (X 500) (d) ZrN coated (X 1000)
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Fig. 18. SEM showing the scratch trace of TiN/Ti coated and ZrN/Ti coated
Ni-Ti file after scratch test. (a) TiN/Ti coated (X 500) (b) TiN/Ti coated (X
1000) (c) ZrN/Ti coated (X 2000) (d) ZrN/Ti coated (X 5000)
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2 "ol
Fig. 21> TiN/Ti¢®} ZrN/Ti& Z®E S Ao gdAd oz tsaygute] gaz

TiN/Tie 2E 3 xHolA Hga] g ge] st

Fig. 19. FE-SEM showing fractured non-coated and Ti coated Ni-Ti file after
fracture test. (a) non-coated (X 500) (b) non-coated (X 10000) (c¢c) Ti coated
(X 1000) (d) Ti coated (X 2000)
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Fig. 20. FE-SEM showing fractured TiN coated and ZrN coated Ni—-Ti file
after fracture test. (a) TiN coated (X 1000) (b) TiN coated (X 5000) (c)
ZrN coated (X 5000) (d) ZrN coated (X 5000)

Fig. 21. FE-SEM showing fractured TiN/Ti coated and ZrN/Ti coated Ni-Ti
file after fracture test. (a) TiN/Ti coated (X 1000) (b) TiN/Ti coated (X
5000) (c¢) ZrN/Ti coated (X 1000) (d) ZrN/Ti coated (X 5000)
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