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ABSTRACTS

Electrochemical Characteristics of Cp-Ti and Ti Alloys Coated with TiN,
ZrN, and HA Using RF-Magnetron Sputtering Method

Jae—Jun Park

Advisor | Prof. Han-Cheol Choe, Ph. D.
Dept. of Optical Application Engineering,
Graduate School of Chosun University

Electrochemical characteristics of Cp-Ti and Ti alloys coated with TiN, ZrN,
and HA wusing RF-magnetron sputtering method were studied. The Ti
containing Nb, Zr up to 13.0 wt% were melted by using a vacuum furnace and
then homogenized for 24hrs at 1050°C. The samples were cut and polished for
corrosion test and coating. The specimens were coated with TiN, ZrN and HA,
respectively, by RF-magnetron sputtering method. The microstructures were
conducted by using optical microscope(OM), X-ray diffraction meter(XRD),
energy dispersive X-ray spectroscopy(EDX) and field emission scanning electron
microscope(FE-SEM).

The corrosion behaviors were investigated using potentiostat(EG&G Co,
263A. USA) and electrochemical impedance spectroscopy(10 mHz ~ 100 kHz) in
0.9% NaCl solution at 36.5+1C. Corrosion surface was observed using OM and

FE-SEM.

The results were as follows:
1. From the microstructure analysis, Cp—-Ti showed the acicular structure of

a-phase and Ti-6Al1-4V showed the micro—acicular structure of a+f3



phase. Needle-like martensitic structure of near- type was observed in

the case of Ti—-13Nb-13Zr alloy.

2. From the corrosion test results of Ti alloy, corrosion potential of Cp-Ti
, Ti-6A1-4V, and Ti-13Nb-13Zr were -101 mV, -417 mV, and -328 mV.
Corrosion current density of Cp-Ti , Ti-6Al-4V , and Ti-13Nb-13Zr
showed 1.82x10" pA/cit, 1.42x10°° pA/cnf, and 3.71x10 ' pA/crt.

3. From the analysis of TiN, ZrN and HA coated layer analysis, TIN and
ZrN coated surface showed columlar structure with 600 nm and 100 nm
thickness, respectively. Columlar structure was grown along the (111) and
(200) in the case of TiN coated layer, and along the (111) and (220) in the
case of ZrN coated layer. HA coated layer showed columnar structure

growth along (102) and (202).

4. The corrosion resistance of TiN, ZrN and HA coated Ti alloys were
higher than those of the non-coated Ti alloys in 0.9% NaCl solution,
indicating Dbetter protective effect. Corrosion resistance of coated Ti

alloys increased in the order of TiN, ZrN, and HA coating.

5. From the analysis A.C. impedance analysis in 0.9% NaCl solution, R,
value of TiN coated Ti alloy showed 3.58x10° Qcm® which was higher
than those of other Ti alloy. Polarization resistance(R,) values increased

in the order of Cp-Ti, Ti-6Al-4V, and Ti-13Nb-13Zr alloy.
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Table 1. Comparison of physical properties of various

13)
alloy ™.
Property Pure Ti-alloy Zr Al Al alloy Fe 18-8  Hastelloy-C Cu
Ti Ti6A4V 755-T6 STS
AIST 304
Melting point 1668 1540 1650 1852 660 1530 1400~ 1305 1083
() 1427
hep< heptbee  hep< fce fce bee< fce fce fce
Crystal 883C  <900C 893C 830°C
structure
bce bce bece fce
Density (g/an) 451 4.42 6.52 2.70 2.80 7.86 8.03 8.92 8.93
Atomic 22 - 40 13 - 26 - - 29
number
Young's 106 113 89 69 71 192 199 204 116
modulus
(GPa)
Poisson’s 0.34 0.30~ 0.33 0.33 0.33 0.31 0.29 - 0.34
Ratio
0.33
Electric 3.1 1.1 3.1 64.0 30.0 18.0 2.4 1.3 100
conductivity

(Cu comparison,%)

Thermal 0.041 0018 0040  0.487 0.294 0.145 0.039 0.031 0.923

conductivity

(cal/en’/S/C/cm)

Coefficient of g 4x10° 8.8x10° 5.8x10° 23.0x10° 23.1x10° 12.0x10° 16.5x10° 11.5x10° 16.8x10°

linear expansion
(ew/ey/'C0~100C)

Specific heat 0.12 0.13 0.07 0.21 0.23 0.11 0.12 0.09 0.09

(cal/g/C)
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Fig. 1. Allotropic transformation of titanium
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Table 2. Deposition condition of TiN, ZrN and HA film on

the Ti alloys.

Coating condition TiN film ZrN film HA film

Target Ti(99.998%) 71(99.999%) HA(99.99%)
Base Pressure 10° mTorr 10° mTorr 10° mTorr
Working Pressure 10° mTorr 10° mTorr 10° mTorr

Gas

Operation

Temperature

Pre-sputtering

Deposition Time

Power Supply

N2(35 scem)/
Ar(5 scem)

100TC

20 min

40 min

100 W

N2(35 sccm)/
Ar(5 scem)

100°C

20 min

40 min

100 W

Ar(40 sccm)

25T

20 min

4 hrs

40 W
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Fig. 12. Schematic diagram of corrosion apparatus.
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Table 3. The condition of electrochemical corrosion test.

Potentiodynamic test A.C. impedance
Electrolyte 0.9% NaCl 0.9% NaCl
Working electrode Sample Sample
Counter electrode High dense carbon High dense carbon
Reference electrode SCE SCE
Scan rate 1.66 mV/s —
Temperature 36.5+1C 365+1C
Frequency range — 100 kHz ~ 10 mHz
A.C amplitude — 10 mV
Point — 5 point/decade
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Fig.

13. OM micrographs of Ti alloy after homogenization
treatment at 1050C for 24hrs.
(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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WD23 .3mm 25.0kV x1.0k S50um

WD19 .7mm 25 .0kV x1.0k S0um

Fig 14. FE-SEM micrographs of Ti alloy after
homogenization treatment at 1050°C for 24hrs.
(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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Fig. 15. EDX peaks showing the surface of Ti alloys.
(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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Fig. 16. X-ray diffraction pattern of Cp-Ti, Ti-6Al-4V,
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Fig. 17. Potentiodynamic polarization curves of Ti alloy
after potentiodynamic test in 0.9% NaCl solution
at 36.5+1TC.
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WD23 .3mm 25.0k¥V x1.0k 50um

WD23.9mm 25.0k¥ x500 100um

WD16 .9mm 20 .0kV x1.0k S50um

Fig 18. FE-SEM showing the corrosion surface of Ti
alloy after potentiodynamic test in 0.9% NaCl
solution at 36.5+1TC.

(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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Fig. 19. FE-SEM showing cross—section of coated
samples.
(a) TiN film (b) ZrN film (c) HA film
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Fig. 20. EDX peaks showing the TiN(a), ZrN(b), and
HA(c) coating layer.
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Fig. 21. X-ray diffraction patterns of TiN, ZrN and HA
coated Cp-Ti.
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Fig. 22. X-ray diffraction patterns of TiN, ZrN and HA
coated Ti-6Al1-4V alloy.
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Fig. 23. X-ray diffraction patterns of TiN, ZrN and HA
coated Ti-13Nb-13Zr alloy.
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Fig. 24. Potentiodynamic polarization curves of TiN
coated Ti alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1TC.
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Fig. 25. Potentiodynamic polarization curves of ZrN
coated T1i alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1TC.
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Potentiodynamic polarization curves of HA
coated Ti alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1TC.
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Table 4. Values of corrosion potential(E.or~) and corrosion current
density(I.orr) determined for the Ti alloys and surface coated

Ti alloys from the polarization curves in 0.9% NaCl solution

at 36.5+17C.
. . ECOIT Icorr
Matenals Coated film )
(MVsce) (1A lcm’sce)
Cp Ti Non -101 1.82x10"
TiN -45 8.54x10'
ZN -75 2.23x10°
HA -110 7.75x10
Ti-6Al-4V Non -417 1.42x16
TiN -44 8.23x10°
ZN -108 2.84x10°
HA -69 1.3x10"
Ti-13Nb-132r Non -328 3.71x10
TiN 93 4.19x10°
ZN -135 4.81x10°

HA -112 4.28x10"
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Fig. 27. Corrosion potential of the experimental alloy

from the polarization curves in 0.9% NaCl solution

at 36.5+17C.
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Fig. 28. Corrosion current density of the experimental
alloy from the polarization curves in 0.9% NaCl
solution at 36.5+1C.
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WD21.7mm 20.0kV¥ x1.0k 50um

WD19 .2mm 20.0kV¥ x1.0k 50um

Fig 29. FE-SEM showing the corrosion surface of TiN
coated T alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1C.
(a) Cp-Ti (b) Ti-6Al1-4V (c) Ti-13Nb-13Zr
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WD21.4mm 20.0kV x1.0k 50um

WD16 .9mm 20 .0kV¥ x1.0k 50um

Fig 30. FE-SEM showing the corrosion surface of ZrN
coated Ti alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1C.
(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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WD16 .9mm 20 .0kV x1.0k 50um

WD16 .9mm 20.0kV x1.0k 50um

WD16 .9mm 20.0kV x1.0k 50um

Fig. 31. FE-SEM showing the corrosion surface of HA
coated Ti alloy after potentiodynamic test
in 0.9% NaCl solution at 36.5+1TC.
(a) Cp-Ti (b) Ti-6A1-4V (c) Ti-13Nb-13Zr
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Table 5. Value of solution resistance(Rs), charge transfer resistance(R.)
and polarization resistance(Rp,) determined for the Ti alloys
from EIS plots obtained in 0.9% NaCl solution at 36.5+1C.

_ _ Rs Re R
Maternal Coated film ) » )
(£ cm’) (£ cm) (£ cm’)

Cp-Ti Non 19.53 3.76x10

TiN 3.08 0.308 2.45x1D

ZN 33 2.7 2.97x16

HA 3.36 6.72x10 4.04x16

Ti-6Al-4V Non 4.28 4.01x18

TiN 2.36 1.79 9.61x10

ZN 8.89 2.32x10 4.61x16

HA 5.25 9.44x10 8.34x10

Ti-13Nb-13Zr Non 48.9 5.25%10

TiN 9.12 1231 3.58x1H

ZN 6.55 8.33x1d 7.24x16

HA 5.09 9.75x10 9.30x10
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