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Surface Characteristics of TiN and ZrN Coated Abutment
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Surface Characteristics of TiN and

ZrN Coated Abutment Screw by
Using Arc-ion Plating Method

Kwag, Dong-Mook, D.D.S.,
Director : Prof. Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to investigate the surface
characteristics of TiN and ZrN coated abutment screw by using
arc-ion plating method(AIP). Abutment screw(Internal, Shinheung,
Co) was prepared and used for various experiment: AIP coating,
potentiodynamic test, and AC impedance test. TiN and ZrN film
was coated on the abutment screw using AIP, respectively. The
coated surface was investigated by field-emission scanning electron
microscope(FE-SEM), energy dispersive x-ray spectroscopy(EDS),
surface roughness tester at the screw top, flank and valley of
abutment screw. The electrochemical behavior of TiN and ZrN
coated surface was investigated by using potentiodynamic and
AC impedance method in 0.9% NaCl solution at 36.5 £+ 1C. After
electrochemical test, morphology of surface was observed by
FE-SEM.

The results were as follows:



1. The surface of TiN and ZrN coated abutment screw showed
the smooth surface without mechanical defects like a scratch
formed by manufacturing process compared to non-coated

abutment screw.

2. The corrosion potentials of TiN and ZrN coated abutment
screw were higher than those of non-coated abutment screw,
whereas current densities of TiN and ZrN coated abutment

screw were lower than those of non-coated abutment screw.

3. Polarization resistances(R,) of TiN and ZrN coated abutment
screw were higher than those of non-coated abutment screw.
The slope of Bode plot was -1 and capacitance characteristics

of coated film appeared in coated abutment screw.

[t is considered that the TiN and ZrN coating on the abutment
screw by AIP method decreased the surface roughness and kept
the stable coated film in corrosive environment, and confirmed
that AIP can be applicated to abutment screw for solving the

loosening problem of implant system.
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Fig. 1. The schematic diagram of AIP equipment and process.
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Fig. 2. The schematic diagram of electrochemical test equipment.



Table 1. The condition of electrochemical corrosion test

Potentiodynamic test

A.C. impedance

Electrolyte
Working electrode
Counter electrode
Reference electrode
Scan rate
Temperature
Potential range
Frequency range
A.C amplitude
Point

0.9 % NaCl
Sample
High dense carbon
SCE
1.667 mV/s
36.5+£1°TC
-1500 mV = 2000 mV

0.9 % NaCl
Sample
High dense carbon
SCE

36.5

H+
(@)

100 kHz = 10 mHz
10 mV
5 point/decade

2. TiN ¥ ZrN #Z® 3%

2o AFA =Z' A

el A

7z 0.

field-emission scanning electron

microscopy (FE-SEM:S-4800, Hitach, Japan)®} electron dispersive

x-ray spectroscopy (EDS: S-4800, Hitach, Japan)Z& AF&3lom o]

£ 2ubesg AW e FAAtEvgR wsE aRT 5

EDS e XA A717h yHom tehan oy A

1.

ATt
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Ao & (a)e AHSHA &2 Al#Holar, (b)+ TINS #FEHS AH ¥ (c)&

Fig 3. Photographs of non coated and coated abutment screw.

(a) non coated, (b) TiN coated, (c) ZrN coated.

AA S #ZE Hete] FE-SEM ¥ EDSE ¢]§38te] wHe 2AMe A
7} Fig. 4, 5, 6 % 7o HeEplct. ofHERE ALl YAMH(top), HH
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Fig 4. FE-SEM micrographs showing the non-coated screw surface.

(a) screw top (b) screw flank and screw valley

Fig 5. FE-SEM micrographs showing the TiN coated screw surface.

(a) screw top (b) screw flank and valley (c¢) screw head
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Fig 6. FE-SEM micrographs showing the ZrN coated screw surface.

(a) screw top(a-1: magnified) (b) screw flank and valley(b-1:
magnified)

£ Esnciron image 1

e Eleveamap 1

e N SR v R R | 0 e |
Element Weight% Atomic%o Element Weight% Atomic%o Element Weight%o Atomic%
?1112 9664029 ;gg; NK 19.99 46.07 NK 9.85 4158
i ; .
VK 349 313 T K 80.01 5393 ZrL 90.15 5842
Totals 100.00 Totals 100.00 Totals 100.00

Fig 7. EDS peaks showing the non-coated and coated screw surface.
(a) non-coated (b) TiN coated (c) ZrN coated
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Vil
can Wrak

Measured area

Sample Roughness
A (scan length: 500 pm) D (scan length: 500 pm)
Raw 130
Non-coated
Rq (nm) 1452 2247
ST
TiN coated
Rq (nm) 132.0 163.6
ZrN coated
Rqg (nm) 1117 1443

Fig 8. Surface roughness of non-coated, TiN coated, and ZrN

coated abutment screw.
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— TiN coated
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! | ! | ! | !

Potential (mV vs SCE)
© o o
7.2 7

—_
o
-

-1.54

10° 10° 107 10° 10° 10* 10° 10? 10

Current density (A/cmz)

Fig 9. Anodic polarization curves of non—coated, TiN, and ZrN coated
abutment screw after potentiodynamic test in 0.9% NaCl solution

at 36.5£17C.
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Table 2. Corrosion potential(Ecor), corrosion current density(Tcor)
and current density at 300mV(Isoomv) of non-coated, TiN
coated, and ZrN coated abutment screw after
potentiodynamic test in 0.9%NaCl solution at 36.5 + 1T,

Samples E o (MmV) Icor (MA/cHf) I300my (MV/cri)
Non coated -480 1.38x10° 9.5x107
TiN coated -262 2.90107 2.85x107
ZrN coated -523 1.04<10¢ 2.43 X107

3. TIN % ZrN 299 A afelstes 54
Fig. 10, 11 %2 123 0.9% NaCl2] 36.5 + 1T §joq zmgalA &
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x 10" Qorg, TING #®E B4 2935 Ads Asze] Aoz o
Al #83e AFS 9.52 x 10° QarE, AstEe A4S 33.5 Qarg
Bk ZrNg 28 ¢ 2839 Ao 2.18 x 10° Qug, 2aF
gt} Abstute] o] Z47h vEAl vebds RS
e FReA e A, 1.10 x 107 (F/arsh),
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Bode-phase plot& ®¥ Z"eHA &2 4%, TIN ¥ ZrN& ZH3 7
-] Aol phase angle©] AFueA 0°Foz Holx vyt Frisirt
P =9 Fa Gl -90°
G A phase angleo] A 0°
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10’ 90
10° 4 K
- 70
10° [60
E (50 B
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g 10 - L %
£ -40 o
E.10 130 N
.y INon-coated - =
N 102 4 Bode Flot (20 &
11— measerment - ©
1_ simulated 10 —
10" < Bode Phase Plot : [‘
1—0— measerrrent DDDDE( -0
100 ] sirmulated Cli i 10
10 10" 10° 10° 10° 10° 10' 10°
Frequency (Hz)
o CPE CPE : constant phase elements

Ry : Polarization resistance

R, : solution resistance

Fig. 10. Bode plot and Bode-phase plots of non-coated abutment
screw after AC impedance test in 0.9% NaCl solution at
36.5+1C.
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R, : Polarization resistance of oxide barrer laver

Fig. 11. Bode plot and Bode-phase plots of TiN-coated abutment
screw after AC impedance test in 0.9% NaCl solution at
36.5£1°C.
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Fig. 12. Bode plot and Bode-phase plots of ZrN-coated abutment
screw after AC impedance test in 0.9% NaCl solution at

36.5+1°C.
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Table 3. The results of AC impedance of non-coated, TiN coated,
and ZrN coated abutment screw after electrochemical
test in 0.9% NaCl solution at 36.5£1T

Sample (Ql;énf) (F(.?gifEs“) R, (&/cif)
Non-coated 8.741 1.10%x10* 0.917 2.77%105
R, CPE, R, CPE, R,
(Q/ar) (F/cifsm) " (Q/ar) (F/crfs®) n (Q/ar)
TiN-coated 17.98 4.44%10° 0.84 9.52 x10% 1.63%x10° 1 33.5
ZrN-coated 7.08 8.28X10°¢ 0.93 2.18%104 5.99%10- 0.92 1.86

4. TiN % ZrNe|] Z=8¥ 1}Ae FA 3w
vabe] s gafe] wE wRle] FHe HrE #Hshy] Aste] FAAA
Ae 5 F¥S FE-SEME ol&ste] #&3 43 Fig. 13, 14 # 159 1
B AT
Fig. 132 A®sHA &2 vArte] 49 Ad 5 29% Aoz (a)= v
AR L (b= WAk, H (o) WA CA ARdeln sige] ahx] &
A oA AR Ve A S mEkA sdo] FAd e ®Belth
TiNS #9g 452 Fig. 14904 B¥ (a)& AR HollA F2 &
Hola glal (b)= AZEE WAbEodM FAdds Helx vt Adetr] d
I} fFAbeh ZHekA oF> A Hlste] mHA =
stal Qlvh. Fig. 15+ ZrNE& #®g & FAAPE s 45
A el FAA S (b= WA elA

o TIN AR F239e Bolal glom sd=do] A wol HAEs)
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Fig 13.

FE-SEM micrographs showing the corrosion surface of
non-coated abutment screw after potentiodynamic test in
0.9% NaCl solution at 36.5x1C. (a) screw top (b)

screw valley (c¢) screw flank
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Fig 14. FE-SEM micrographs showing the corrosion surface of
TiN coated abutment screw after potentiodynamic test in
0.9% NaCl solution at 36.5+1C. (a) screw top and flank

(b) screw valley
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Fig 15. FE-SEM micrographs showing the corrosion surface of

ZrN coated abutment screw after potentiodynamic test
in 0.9% NaCl solution at 36.5x1TC. (a) screw top and

screw flank (b) screw valley
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