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Corrosion behaviors of Cp-Ti and Ti-6Al-4V alloys by TiN coating
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[Abstract]

Cp-Ti and Ti-6Al-4V alloys commonly used dental implant materials, particularly for orthopaedic and
osteosynthesis because of its suitable mechanical properties and excellent biocompatibility. This alloys have excellent
corrosion behavior in the clinical environment. The first factor to decide the success of dental implantation is
sufficient osseointegration and high corrosion resistance between on implant fixture and its surrounding bone
tissue. In this study, in order to increase corrosion resistance and biocompatibility of Cp-Ti and Ti-6Al-4V alloy
that surface of manufactured alloy was coated with TiN by RF-magnetron sputtering method. The electrochemical
behavior of TiN coated Cp-Ti and Ti-6Al-4V alloy were investigated using potentiodynamic (EG&G Co,
PARSTAT 2273. USA) and potentiostatic test (250mV) in 0.9% NacCl solution at 36.5 + 1°C.

These results are as follows :

1. From the microstructure analysis, Cp-Ti showed the acicular structure of a-phase and Ti-6Al-4V showed the
micro-acicular structure of e+ g phase.

2. From the potentiodynamic test, Ecorr value of Cp-Ti and Ti-6Al-4V alloys showed -702.48mV and -
319.87mV, respectively. Ti-6Al-4V alloy value was higher than Cp-Ti alloy.

3. From the analysis of TiN and coated layer, TIN coated surface showed columnar structure with 800 nm
thickness.

4. The corrosion resistance of TiN coated Cp-Ti and Ti-6AI-4V alloys were higher than those of the non-coated
Ti alloys in 0.9% NaCl solution from potentiodynamic test, indicating better protective effect.
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5. The passivation current density of TiN coated Cp-Ti and Ti-6Al-4V alloys were smaller than that of the non-
coated implant fixture in 0.9% NaCl solution, indicating the good protective effect resulting from more compact

and homogeneous layer formation.
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Table 1. Chemical composition of alloy used in this study

cempesition(wt%)

sample Ti Al \Y C Fe 02 N2 H2
Cp-Ti 997 - - - 0.12 0.16  0.004 0.0019
Ti-6AI-4V 89.62 6.1 40 0.004 016 0106 0.008 0.0022

E}C 2= Ti(99,.99%, Williams Advanced Materials,
USA)Z AH&-s3iT

TiN 352
alo] FESIYom I A9l LR
Aot RS THE7] $leliA 2% N29t Ar o] A}
|EUN 27 AFE 2ee| ZE ARESE] 10-3
Torr7HA] AEEE §X|8t & 9o AL HIE AL83}
] 10-6 Torr7IA| AEEE Hojrr) ol A=
#Hy Alo|AE AREste] AFEE gRletglon 7]
2% TING 7% ¢ 100T 2 819t RF 29 100W
Z 39 Ik N29F Ar] E3hA0 S 40
scem©] F|=5 314 ske] ARSI

SRS AYetr] Mol 2087 APEES Alsste] B

RF-magnetron sputtering ZH|& AR

Fig. 201 LER

7 FHO ELES AAT F 4087 IS A5
o I8 O] A2 (Table 2.)° WebHaL et
Table 2. The coating condition of sample

Cenditien TiN ceating
Base Pressure 3.0X10° Torr
Working Pressure 2.0x10% Torr
Gas Na(40scecm)
Operation Temperature 150C
Pre—sputtering 20min
Deposition Time 40min
Power Supply 100W
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Fig. 2. Schematic diagram of RF—magnetron sputtering
system
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Table 3. The corrosion condition of sample

Cenditien
Solution 0.9% NaCl
Working electrode samples
Counter electrode High dense carbon
Reference electrode KCI(SCE)
Scan rate 1.66 mV/s
Temp 36.5£1C
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Fig. 3. Schematic diagram of corrosion apparatus
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Fig. 5. Microstructure of Ti alloys by FE-SEM and EDX
spectra
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(a) Cp—Ti
(b) Ti-BAI-4V
(c) surface layer

Fig. 6. FE-SEM showing the Ti coated surface of Ti
alloys and surface layer
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Table 4. Corrosion potential (Ecor), Corrosion current
density (lor) of pure Ti and Ti-6Al-4V alloy after
anodic polarization test in 0.9% NaCl solution at
36.5+1TC
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Fig. 8. FEESEM showing the corrosion surface of Ti
alloys after potentiodynamic test in 0.9%NaCl
solution at 36.5+1C (a) Cp-Ti, (b) Ti-6A-4V

(b)

Fig. 9. SEM showing corrosion surface of TiN coated Ti
alloys after potentiodynamic test in 0.9%NaCl
solution at 36.5+1°C (a) Cp—Ti, (b) Ti-6AI-4V
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Fig. 10. Current density—time curves(const. 250mV) of Ti
alloys after potentiostatic test in 0.9% NaCl
solution at 36.5+1C
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