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ABSTRACTS

Effects of HA/TiN Coating on the Electrochemical Characteristics of
Ti-Ta-Zr Alloys

Mi-Young Oh

Advisor : Prof. Han—-Cheol Choe, Ph. D.
Dept. of Dental Engineering,

Graduate School of Chosun University

Electrochemical characteristics of Ti-30Ta-xZr alloys coated with HA/TiN by
using magnetron sputtering method were studied. The Ti-30Ta containing Zr(3,
7, 10 and 15 wt%) were 10 times melted to improve chemical homogeneity by
using a vacuum furnace and then homogenized for 24hrs at 1000C. The
specimens were cut and polished for corrosion test and HA/TiN coatingand
then coated with TiN and HA/TiIN, respectively, by using DC and
RF-magnetron sputtering method.

The analysis of coated surface and coated layer were carried out by using
optical microscope(OM), field emission scanning electron microscope(FE-SEM)
and X-ray diffractometer(XRD).

The electrochemical characteristics were examined using potentiodynamic (-
1500 mV ~+ 2000 mV) and A.C. impedance spectroscopy(100 kHz ~ 10 mHz) in
0.9% NaCl solution at 36.5+1TC.

The results were as follows;

1. From the microstructure analysis, homogenized Ti-30Ta-xZr alloys

_Vi_



showed needle-like structure. In case of homogenized Ti-30Ta-xZr

alloys, a-peak was increased with increasing Zr content.

2. From the analysis of TiN and HA coated layer, the thickness of TiN and

HA coated layer showed 400 nm and 100 nm , respectively.

4.  From the polarization behavior in 09% NaCl solution, the
corrosion resistance of HA/TiN-coated Ti-30Ta-xZr alloys were higher
than that of the HA-coated Ti-30Ta-xZr alloys, indicating better

protective effect.

5. From the A.C. impedance in 09% NaCl solution, polarization
resistance(R,) value of HA/TIN coated Ti-30Ta-xZr alloys showed
8.40x10° Qem® which was higher than that of HA-coated Ti-30Ta-xZr

alloys.
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Table 1. Physical property of titanium.

Property Unit Value
) i 4.54

Density (20TC) g/cn

(a-phase)
Melting point C 1668
Volume change in a-B transformation % 55
a-B transformation temperature T 882.5
Thermal expansion coefficient (20 C) 10° ¢ 8.41
Thermal conductivity cal/em -+ S+ C 0.35
Specific heat (20 C) cal/g 0.126
Electricity conductivity (about Cu) % 2.2
Characteristics resistance (0 C) k@ - cm 80
Elastic modulus GPa 103-107

HCP

Crystal lattice a-phase (below 882.5 C)
B-phase (above 882.5 C)

(hexagonal close packed)
BCC

(body centered cubic)




Table 2. Mechanical properties of common implant

alloys.
Young’s Yield Tensile Elongation
Alloys modulus strength strength (‘;)
(GPa) (WPa) (WPa) ‘
Stainless  nnealed 190 207 517 40
cold worked 200 689 862 12
as—cast
248 450 655 8
Co-Cr-Mo
_ led
Co-based HRACAE 228 240-655  795-1000 -
alloys Co-Ni-Cr-Mo
cold worked
and aged 232 1585 1790 -
Co-Ni-Cr-Mo
Ti-based 1y 110 485 550 15
alliys
annealed
] 124 830 895 10
Ti-6Al1-4V
Bone Long bone 15-20 - 120-140 -
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Fig. 1. Allotropic transformation of titanium.
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2-5. TIN ¥ HA® A3 +=x
2-5-1. Magnetron sputtering® 932

29 ¥ g (sputtering) A2 18529 Groveol 93lo] A& WA= o™ &A=
ofg] 7pA wpebe] GA ol AW TA AFEH AL UH. 2HEEH S E2 YA
(>30eV)E 7HAE dAE0] targetd] FE39] target%x}%oﬂ A Ay AE AL
FOEH targetd] YAEo] WEHE @Adolth WA FEIIE YA EC ¥ o
2 (positive—-ion)©] 2} cathodic sputtering °©]2}il F 24, i ~AvEyg &
cathodic sputtering®]th. H%5 AHE o= oFo] o] o] Wo] Al LT =10, 1 o]+
T 49 ol&d A (electric field) S A7FslF =M 7h&E71 7 i T3 target
of 2=37] A A targetoll A WEEHE Augerd Aol o5t FAFE o A AR
2 targetel FESH7] wiEolth A2 HE S o] 9 7t o] 9 targetol o FTE,
2123l target YA WE 37HA AA S Foto] doldn Fig. 3% 23 EH ol
Jdojup= AL ago 2 Yed Ao’
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Fig. 3. Principle of sputtering.
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Fig. 4. Crystal structure of TiN.



Table 3. Physical property of TIiN.

Property Unit Value
Molecular g/mol 61.9
Density g/c’ 5.44
Lattice parameter A 4.24
Melting point T 2930
Young’s modulus Dyne/cnf 2.66x10"
Vickers hardness kg/mir 1700
Resistivity k@ - cm 21
Thermal expansion coefficient 10° ¢ 9.35
Heat of formation kcal/mol -80.4
Specific heat(C,) J/mol C 33.6/54.7
Thermal conductivity cal/em + S - 0.07
Binding energy KJ/mol 464




2-5-3. Hydroxyapatite(HA)2] EA3 +=x

HA= 34 743 2= FxHelA Ao dx43 fAAd ool

2 9 Aojel oAl BARA B ATHARL dow FFF AAARA ] I
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Frgom, 484, = A=A 2 W APAA AF 5o AAAZRA S5
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HA® 51814 Cap(PONs(OH).2 WS FAsE A%t /b4 fA 8 248 7}
A

|3 At} Fig. 53 2ol HAY AA AFE aFE 095 nmo]i ¢F-& 0.68 nmz
294 (hexagona) F B & 31 9l o™ A= 10719 Ca, 6712 PO, 138

2719 OH %< 7FA3 Y3 &S we Fhdses e +25 32 Ao 2w
Y aFo]E AEgtE 2 Ca/P ], 2t=et & of ¥Hg A vk Ca/P
vl 7} lolstol® At} Sl Wl Eolxn 2txel S =7t fasiA =W
Ca/P vl 1.670] 7H7E1x ) Ca/P vl webx] ol Fejo] Zer X Avo]EV]
%_ ZH ?:j.l_ljr'34”35‘)
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Fig. 5. Crystal structure of hydroxyapatite.
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Fig. 6. Hypothetical anodic and cathodic polarization
behavior for a material exhibiting passive anodic
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3-1. A5 FH]
2 AgA Ti-30Ta—xZr (x=3, 7, 10, 15) &=& Axst7] A&l Ti (G&S

TITANIUM, Grade. 4, USA)¢} = (pellet) Feh o] Ta (Kurt J. Lesker company,
99.95% pure, USA)¥} Zr (Kurt J. Lesker company, 99.95% pure, USA)S A}-& 3}

[e5]
Py

3-2. %= Az

Ti-30Ta—xZr ¥a2> W& ol =5 ol &35t A=xstd e, Ti-30Tadl Zr

S 3,7 10 2@ 15 wt% H Fste] 59 % (Cu) 32 (hearth)ol F9s+dct. 107 Torr
o MFEHA7], AAE o2 7tAE Ao FHs A, A JAFE FAS = W
Ho=z AW Yo FH7IE =24 Ak ok AW o EAsts AR 9tk §
9 23 E HAsE] fsto Fa &3 Al AIREE &35 A 2EA A Ti

a712 dagk F 2000 grite] SiC AvpA|7bRA] @A H o2 F2] Awpela HF Ao
2 03 m EFVY BEE e 3 5 259 AFHE st FHE A 2
ml HF + 3 ml HCl + 5 ml HNO; + 190 ml H2O Keller's &40 =2 o33 *
A v (OM)H FAA A1) 4 (FE-SEM)S ©] &3] 712 Z=24& #3233

AR TEE XA JABAVE AL o AWM= 20 ~ 9079 2077HS
EA59Y. B4 o83 AHH = X'pert PRO MPD(PANalytical, Netherlands)E
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3-4. TiN % HA 3%

EbAl o 2 = Ti(99.998%, Williams Advanced Materials, USA) % HA X 27
(99.99%)% AHg3stAch HABHA S Ablst EDXE4 275 Fig. 901 el et
TiN #Z®-& DC-magnetron sputtering™ ¢ & 1812 HA %L RF-magnetron
sputtering™ &2 A" o 2 /fEA 2= Fig. 8o wel ol HA/TIN
OSHes e fEM 21EE Nook Ar o] AR 27 e =EY H
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AR VR EE 25CE FASt] RF 49 E 40W= st
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Fig. 8. Schematic diagram of magnetron sputtering system.
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Fig. 9. Photography and EDX peaks of HA target.



Table 4. The deposition condition of TiN and HA film on
the Ti-30Ta-xZr alloys.

Coating condition TiN film HA film
Target Ti(99.998%) HA(99.99%)
Base Pressure 10° Torr 10° Torr
Working Pressure 10 Torr 10° Torr

Gas

Operation

Temperature

Pre-sputtering

Deposition Time

Power Supply

N2(35 scem)/
Ar(5 scem)
100C

20 min

40 min

100 W

Ar(40 scem)

25T

20 min

180 min

40 W




3-5. A7) sstd FAA Y

AA G Ti-30Ta-x7Zr(x=3, 7, 10 ¥ 15 wt%) T 2 EAS dolr 7] 93l
A 71384 el W (PARSTAT, Model 2273, EG&G, USA)S ol &3t o, 0.9%

NaCl A do A -1500 mV ~ +2000 mV7FA] 1.66 mV/sec?] TAF S22 579
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=4 A (AC impedance)= Al sttt APdE NS Aol Az 7] 308 AH-H
2w 74 o2t As ZERY o Ryx Ald Wl BeE bgE 9 &
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(o}
e
flo
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0101
JU

(saturated calomel electrode, SCE)& X %7 = (counter
electrode) .2+ 1% ©AASE 22 A&t o d3 272 Table 5o

EFA T Fig. 102 A713behA Alglol] AbS-2 Anl o] A=Al 2ot



Table 5. 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 365+1C 36.5+1C
Frequency range — 100 kHz ~ 10 mHz
A.C amplitude — 10 mV
Point — 5 point/decade

EG&G

PARSTAT 2273
O Computer

[

)

/reference electrode

u\
0.9%p NalCl

Solution

e

working elecirode

counter electrode

Fig. 10. Schematic diagram of the electrochemical

corrosion test.
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Fig. 11. OM micrographs of Ti-30Ta-xZr alloys.(x200)
(a) Ti-30Ta-3Zr (b) Ti-30Ta-7Zr
(c) Ti-30Ta-10Zr (d) Ti-30Ta-15Zr



Fig. 12. FE-SEM micrographs of Ti-30Ta-xZr alloys.(x1000)
(a) Ti-30Ta-3Zr (b) Ti-30Ta-7Zr
(c) Ti-30Ta-10Zr (d) Ti-30Ta-15Zr
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Fig. 13. X-ray diffraction patterns of Ti-30Ta-xZr alloys.
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Fig. 14 DC-magnetron sputtering® 2 TiNg =ZH® 3 Ti-30Ta-xZrg &<
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Fig 14. FE-SEM micrographs of TiN-coated
Ti-30Ta-xZr alloys.
(a) Ti-30Ta-3Zr (b) Ti-30Ta-7Zr
(c) Ti-30Ta-10Zr (d) Ti-30Ta-15Zr
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Fig. 15. X-ray diffraction patterns of TiN-coated
Ti-30Ta-xZr alloys.



Fig. 16. FE-SEM micrographs of HA/TiN-coated
Ti-30Ta-xZr alloys.
(a) Ti-30Ta-3Zr (b) Ti-30Ta-7Zr
(c) Ti-30Ta-10Zr (d) Ti-30Ta-15Zr
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Fig. 17. X-ray diffraction patterns of HA/TiN-coated

Ti-30Ta-xZr alloys.
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Fig. 18. FE-SEM micrographs of coated layer.
(a) TiN film (b) HA/TiN film
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Fig. 19. Polarization curves of non—coated Ti-30Ta-xZr alloys
after potentiodynamic test in 0.9% NaCl solution at
36.5+1C.
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Fig. 20. Polarization curves of HA-coated Ti-30Ta-xZr alloys
after potentiodynamic test in 0.9% NaCl solution at
36.5t1C.
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Fig. 21 Polarization curves of HA/TiN-coated Ti-30Ta-xZr
alloys after potentiodynamic test in 0.9% NaCl
solution at 36.5+1TC.



Table 6. Corrosion current density (I...+), corrosion

potential (Ecorr) and current density (Ispomv) of

Ti-30Ta-xZr alloys after electrochemical test in

0.9% NaCl solution at 36.5+1C.

All Coated

0]

Y Non HA HA/TiN
Lo (A/cii) 6.15 x 10 ' 177 x 10° 6.67 x 10’

Ti-30Ta-3Zr . . .
Lsoo (A/cit) 428 x 10° 201 x 10° 191 x 10°
Ecorr (IHV) *310 *360 *470

Ti-30Ta-77r Low (A/cri) 514 x 107 881 x 10’ 432 x 107
Lo (A/cit) 410 x 10° 264 x 10° 2.02 x 10°
Ecorr (V) -390 -280 -380

Ti-30Ta-107r Low (A/cii) 4.85 x 10" 870 x 10" 354 x 10"
Lo (A/cit) 228 x 10° 1.38 x 10° 1.60 x 10°
Ecorr (IIIV) _420 _210 _400
Lo (A/cr) 407 x 107 6.77 x 10’ 292 x 107

Ti-30Ta-15Zr
Lsoo (A/crt) 2.45 x 10° 172 x 10° 178 x 10°
Ecorr (V) ~490 -350 -310
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Table 7. Polarization resistance (R,) of Ti-30Ta-xZr alloys

after electrochemical test in 0.9% NaCl solution at

36.5t1°C.
Coated
Alloy -
Non HA HA/TiN
. R, 5 5 5
Ti-30Ta-3Zr P 587 x 10 1.40 x 10 569 x 10
(Qcm?®)
. R, . . .
Ti-30Ta-7Zr 2 7.40 x 10 3.21 x 10 491 x 10
(Qcm®)
. R, 6 5 5
Ti-30Ta-10Zr P 1.39 x 10 271 x 10 6.87 x 10
(Qcm?”)
R 3 1= 5
Ti-30Ta-153Zr i 1.35 x 10° 3.38 x 10’ 8.40 x 10’

(Qcm’)
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