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ABSTRACT

Corrosion behaviors of Cp-Ti and
Ti1-6Al-4V alloys by TiN coating

Lee, Soon—Hyun
Director : Prof. Ko, Yeong—Mu, D.D.S., M.S.D.,Ph.D.
Department of Dentistry,

Graduate School of Chosun University

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% NaCl solution at 36.5 = 1TC.
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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 a+ B phase.

2. From the potentiodynamic test, Ecorr value of Cp-Ti and
Ti-6Al-4V alloys showed -700.25mV and -317.77mV, 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-6Al-4V
alloys were higher than those of the non-coated Ti alloys in 0.9%
NaCl solution from potentiodynamic test, indicating better protective

effect.

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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HCl + 5 ml HNO; + 190 ml H.O Keller's €02 o F3 & OMH}
FE-SEM= ©o]&3&to] 7|A x2S #Eaqlt

Al AARTxE XA FHEEAT7E ARSIl o 2R E 20 T 90
= 2077k BAsISiT &AMl ol&3  FHlE=  X'pert PRO
MPD(PANalytical, Netherlands)Z ©]-&3}31th

Table 1. Chemical composition of alloy used in this study

composition

wtw) Ti Al \% C Fe O Nz He

sample

Cp-Ti 9.7 - - - 012 016 0.004 0.0019
Ti-6Al-4V 8962 61 40 0004 016 0.106 0.008 0.0022
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Table 2. The coating condition of sample

Condition TiN coating

Base Pressure 3.0X10® Torr

Working Pressure 2.0X1072 Torr

Gas N, (40sccm)

Operation Temperature 150°C
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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C. #4949

o] BAAEL potentiostat(Model PARSTAT 2273, EG&G, USA)
g ol&sted 77 W A frAkgk 36.5+£1C 2] 0.9%NaClellAl A A3t
(Table 3).

Hd71884  F4 A2 potentiodynamic, potentiostatic H(250mV,
600sec) o= ARSI AL F-2jo] & Alde] R EHLS FE-SEME ARS8}
of ZAlakqlth Fig. 3. & 718484 Aol ARRE o] JHEFE Sl ade]

.

Table 3. The corrosion condition of sample

Condition
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£1TC
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Fig. 3. Schematic diagram of corrosion apparatus.
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Fig. 4. XRD spectra of Cp-Ti and Ti-6Al-4V.
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Fig. 5. Microstructure of Ti alloys by FE-SEM and EDX
spectra.

Fig. 6. FE-SEM showing the Ti coated surface of Ti alloys
and surface layer.
(a) Cp-Ti, (b) Ti-6Al1-4V, (C) surface layer
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Table 4. Corrosion potential (Ecorr), Corrosion current
density (Icorr) of pure Ti and Ti—-6Al1-4V alloy after anodic
polarization test in 0.9% NaCl solution at 36.5£1T.

non—-coated alloy TiN coated alloy

Cp Ti Ti-6Al-4V pure Ti Ti-6Al-4V

Ecorr (mV) -700.25  -317.77 -449.40 -440.85

Lo (A) 2.25 X10711.60 X 10711.95 x10723.51 x 10™*

_17_



Cp-Ti¥y

Sl

Cp-Ti¢} TiNS =¥

F A} (Fig. 8.7 Fig. 9.).

T3k Ti-6A1-4Ve}

F AR Fig. 8.9 (@< Fig. 9.9 (a)).

o

o

%

Foith(Fig. 10.). TiN<

S

=] O
A9

_
=

Hol 2ol

Zake

=i
=

=
A%

Kol
L.

of wehA

_18_



—— Cp-Ti

15 —— Ti-GAl-a

1.0 -

0.5

0.0

Potential{¥ ve SCE)

-0.5

404

Current Density[ A mj]

——— Cp-TitTiM)
—— Ti-BAL4VTIN

Potential (W v= SCE)

o™ 1o 1o 1ot 1o 1o
Currert Oensity A’

Fig. 7. Potentiodynamic polarization curves of Ti alloy after
potentiodynamic test in 0.9% NaCl solution at 36.5t1T.
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Fig. 8. FE-SEM showing the corrosion surface of Ti alloys
after potentiodynamic test

in 0.9%NaCl solution at 36.5+1T.
(a) Cp-Ti, (b) Ti-6A1-4V

Fig. 9. SEM showing corrosion surface of TiN coated Ti
alloys after potentiodynamic test

in 0.9%NaCl solution at 36.5+1T.
(a) Cp-Ti, (b) Ti-6A1-4V
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