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Abstract

Stability of TiN and WC Coated Dental

Abutment Screw

Lee, Chung Hwan, D.D.S.,
Director : Prof. Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Dental implant system is composed of abutment, abutment screw
and implant fixture connected with screw. The problems of loosening/
tightening and stability of abutment screw depend on surface
characteristics, like a surface roughness, coating materials and
friction resistance and so on. For this reason, surface treatment of
abutment screw has been remained research problem in pro-
sthodontics.

The purpose of this study was to investigate the stability of TiN
and WC coated dental abutment screw, abutment screw(External,
Deasrh, Dentis. Co) was used, respectively, for experiment.

For improving the surface characteristics, TiN and WC film
coating was carried out on the abutment screw using EB-PVD and
sputtering, respectively. In order to observe the coating surface of
abutment screw, surfaces of specimens were observed by field emission
scanning electron microscope(FE-SEM) and energy dispersive x-ray
spectroscopy (EDS) at the screw top, flank and valley of abutment

SCrew.



The stability of TiN and WC coated abutment screw was tested
by using potentiodynamic, and cyclic potentiodynamic polarization

method in 0.9% NaCl solution at 36.5 + 1T.

The results were as follows:

1. Potentidynamic test results

The corrosion potential of TiN coated specimen was higher than
those of WC coated and non-coated abutment screw. Whereas,
corrosion current density of TiN coated screw was lower than those
of WC coated and non-coated abutment screw. The stability of
screw decreased in the order of TiN coating, WC coating and

non-coated screw.

2. Cyclic potentidynamic polarization test results

The pitting potential of TiN and WC coated specimen were higher
than that of non-coated abutment screw, but repassivation
potential of WC coated specimen were lowerr than those of TiN
coated and non-coated abutment screw due breakdown of coated
film. The degree of local ion dissolution on the surface increased in

the order of TiN coated, non-coated and WC coated screw.

It is considered that the stability of abutment screw depended on

coating materials, and confirmed that stability of screw can be

increased the implant life by dense TiN film coating.
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Fig. 1. The schematic diagram of EB-PVD equipment.
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Fig. 2. The schematic diagram of sputtering equipment.

Table 1. The coating condition of TiN and WC film

EB-PVD/ Sputtering

Coating Film TiN WC
Base Pressure 3.0x10° Torr 3.0x10° Torr
Working Pressure 1.0x10° Torr 5m Torr
Gas N2(10-30 sccm) | CH4(10-30 sccm)
Operation Temperature 450 C 250 C
Pre-sputtering 20 min 20 min
Deposition Time 30 min 15 min
Power/Current 8kW/450mA 5 kW/250mV
3. ZHH oM EREUALY o] & EAE

YEVE ojMERNEWLY Iy EAe] Y FE] Astel Fig. 33

o] A73erA <l WH (potentiostat/galvanostat 263A, EG&G, USA)<=
o] &3t FH LAY (potentiodynamic test) TFFHAAE (CPPT)S 3
sttt APEALE 36.5 £ 1T 0.9% NaClg&d<S A&t 7I&d=
(reference electrode) 2= X378 = (saturated calomel electrode,
SCE)<, ®xHdF(counter electrode) 22+ 18T BAHTES APHdTo
2 THE AES AFESIAT. Ad &9 e Ao AlFEY] 308 ARH E
g wj7hA] ot2x2rtAs TR @7]¥ (deaerated) 9715 FAAA T
ow FHjE AlHo kAl o2& EF54H S ZAFSH7] fste] 0.9% NaCl
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Fig. 3. The schematic diagram of electrochemical test equipment.
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The cyclic potentiodynamic polarization test method.

Table 2. The condition of electrochemical corrosion test.

Potentiodynamic test

Solution/Temp

0.9% NaCl/36.5+1C

Working electrode

samples

Counter electrode

High dense carbon

Reference electrode

SCE

Scan rate

1.66 mV/s

Potential range

-1500 ~ 2000 mV

Cyclic Potentiodynamic
test

Solution/Temp

0.9% NaCl/36.5x1T

Working electrode

samples

Counter electrode

High dense carbon

Reference electrode

SCE

Forward potential range

-1500 ~ + 1500 mV

Backward potential range

+ 1500 ~-750mV

4. 2979%F 2 ¥4 F
¥ AT =y A

g9 #Ee

field-emission scanning electron

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

x-ray spectroscopy(EDS; S-4800, Hitach, Japan)ZE Alg&slgoen o=
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Table 3. Corrosion potential (Ecorr), pitting potential(Epit), repassivation
potential (Erep) corrosion current density(lcorr) and current density
at 300mV(lspomv) of non-coated and coated screws after
electrochemical test in 0.9% NaCl solution at 36.5+1T.

Data Non Coated TiN Coated WC Coated
lcorr  (A/cr) 5.89X107’ 3.23X1077 2.74X10°°
| 300my (A/er) -7.30X10°° -1.76X10™ -6.90X107°
E corr (MV) -440 -280 -310
E it (MV) +1260 +1400 +1200
E rep (MV) +1250 +1300 -
| Epit - E corr | 1700 1680 1510
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Fig 5. Photographs of non coated and coated abutment screw.
(a) non coated (b) TiN coated, (c) WC coated.

_12_



Fig 6. FE-SEM micrographs showing the non coated screw surface.
(a) screw top (b) screw flank (c) screw valley
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Fig 7. FE-SEM micrographs showing the TiN coated screw surface.

(a) screw top (b) screw flank (c) screw valley
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Fig 8. FE-SEM micrographs showing the WC coated screw surface.
(a) screw top (b) screw flank (c) screw valley
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Fig 9. EDS peaks showing the non coated and coated screw surface.
(a) non coated (b) TiN coated (¢c) WC coated
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Fig. 10. Potentiodynamic polarization curves of non-coated, TiN, and WC
coated abutment screw after potentiodynamic test in 0.9% NaCl
solution at 36.5%1T .
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Fig 11. Duplicated ptentiodynamic polarization curves of non-coated, TiN,
and WC coated abutment screw after potentiodynamic test in 0.9%
NaCl solution at 36.5£1T .
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Fig 12. Cyclic potentiodynamic polarization curves of non-coated, TiN,
and WC coated abutment screw after CPP test in 0.9% NaCl
solution at 36.5£1C.
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Fig 13. Duplicated cyclic potentiodynamic polarization curves of non—-coated,

TiN, and WC coated abutment screw after CPP test in 0.9% NaCl
solution at 36.56£1T .
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Fig 14. FE-SEM micrographs showing the corrosion surface of non-coated
abutment screw after CPP test in 0.9% NaCl solution at 36.5+17C.
(a) screw top (b) screw flank (c) screw valley
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Fig 15. FE-SEM micrographs showing the corrosion surface of TiN coated
abutment screw after CPP test in 0.9% NaCl solution at 36.5£17C.
(a) screw top (b) screw flank (c) screw valley
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Fig 16. FE-SEM micrographs showing the corrosion surface of WC coated
abutment screw after CPP test in 0.9% NaCl solution at 36.5£17C.
(a) screw top (b) screw flank (c) screw valley
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