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ABSTRACTS

Effects of TiN, ZrN Coating and Ta Content on the
Surface Characteristics of Ti—Ta Alloy

Sun-Wook Kim
Advisor : Prof. Han-Cheol Choe, Ph. D.
Dept. of Dental Engineering,

Graduate School of Chosun University

Electrochemical characteristics of Ti-Ta alloys coated with TiN and ZrN
using RF-magnetron sputtering method were studied. The Ti containing Ta up
to 40 wt% were melted by using a vacuum furnace. Ti-Ta alloys were
homogenized for 6 hrs at 1000C and aged for 2 hrs at 400, 500 and 600C. The
samples were cut and polished for corrosion test and coating. The specimens
were coated with TiN and ZrN, respectively, by RF-magnetron sputtering
method. The microstructures were conducted by using optical microscope(OM),
X-ray diffraction meter (XRD) 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 £ 1TC.

The results were as follows:

1. From the microstructure analysis, homogenized Ti-Ta alloys showed the
martensite structure of a + [ phase. The micro structure was transformed
from lamellar structure(Ti-10 wt% Ta) to needle-like structure(Ti-20 wt%

Ta). Aged Ti-Ta alloys showed the needle-like structure and equiaxed

- vil —



structure. In case of aged Ti-40 wt% Ta alloy, B-phase peak was increased
with increasing aging temperature.

. From the corrosion test of Ti—-Ta alloy, Corrosion resistance of Ti—-Ta alloys
increased with increasing Ta content for all sample. Corrosion resistance of
aged Ti-Ta alloys decreased in the order of 400C, 500C and 600C aging
temperature.

. From the analysis of TiN and ZrN coated layer analysis, TIN and ZrN coated
surface showed columlar structure with 600 nm and 640 nm thickness,
respectively.

. The corrosion resistance of TiN and ZrN coated Ti-Ta alloys were higher
than those of the non-coated Ti alloys in 0.9% NaCl solution from
potentiodynamic test, indicating better protective effect.

. From the A.C. impedance analysis in 0.9% NaCl solution, R, values of TiN
and ZrN coated Ti-Ta alloys showed 5.19x10° Qcm” and 3.55x10° Qcmz,
respectively. TiN and ZrN Coated Ti-Ta alloy was higher than those of
non-coated Ti-Ta alloy. Polarization resistance (R,) values increased with

increasing Ta content.
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Fig. 1. Allotropic transformation of titanium® .



Table 1. Physical properties of titanium

16, 27)

Physical property

Value

Density (at 20C)
Melting Point
Volume change in a— transformation
a—B transformation temperature
Coefficient of expansion (20TC)
Thermal conduction
Specific heat (25C)
Electricity conductivity (about Cu)
Characteristics resistance (0C)

Elastic modulus

Crystal lattice a-phase (below 882.57T)
B-phase (above 8382.5TC)

454 g/cn (a-phase)
1668C
5.5%
882.5C
8.41x10°°/C
0.035 cal/cm/cnt/C/sec
0.126 cal/g
2.2 %
80 uQ - cm
103-107 (Pa

HCP
BCC




Table 2. Comparison of physical properties of various alloyzg).

Property Pure Ti Ti-alloy Zr Al Al alloy Fe 18-8 STS Hastelloy-C Cu
Ti-6A-4V 755-T6 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
structure
bce bce bce fce
Density (g/cn)  4.51 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/cm/S/C/cm)
- 84x10° 88x10° 58x10 23.0x10° 23.1x10 12.0x10° C115x10° 16.8x10°

Coefficient of 16.5%10°°
linear expansion 6 6 6 6 6 6 6 6
(ew/ey/ 'C0~1007C)

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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Table 3. Phase stability of alloying elements on titanium™.

Classification Elements
a-stabilizers type Al, Sn, Ga, O, N, C
B-stabilizers type Mo, Ta, V, Nb, Os, Re, Rh, Ru
Homogeneous solid solution type Zr, Hf
] Ag, Au, Be, Bi, Cd, Co, Cr, Cu, Fe, H,
B-eutectoid type ) )
Ir, Mn, Ni, Pb, Pd, Pt, Sc, Si, U, W

2 MAZEA e BE

Tiv= HE% o4} o]slo A HUx2] vjdo] WHel= T4 (allotropic transfo-
rmation)7} HAFTY. Fig. 13} o] 8825CHTE AL ZolAEs ZW&5UA
(hexagonal close packed, hcp)e]l a#to] ToAH= ALYWAHY BFo=z W
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Table 4. Properties of biomaterials.

osseointegration
Biocompatibility corrosion resistance

- adverse tissue reaction

elastic modulus
tensile strength
Mechanical properties - yield strength

fatigue strength

hardness




Table 5. Typical mechanical properties of implant metals

31)

ASTM Young's Yield Tensile
Alloys designation Condition modulus strength strength
gna (GPa) (MPa) (MPa)
SUS 316L F745 annealed 190 221 483
annealed 190 331 586
F55, F56
SUS 316 F138 30% lfoclld 190 792 930
F139 WOrke
cold forged 190 1213 1351
as-cast 210 448-517 655-839
/annealed
F75
Co-28Cr-
6Mo HIP 253 841 1277
F799 hot forged 210 896-1200 | 1399-1586
annealed 210 448-648 951-1220
Co-20Cr-
. F90
15W-10Ni
44% cold 210 1606 1896
worked
CP Ti F67 30% cold 110 485 760
worked
forged 116 896 965
Ti-6AL-4V annealed
C6AL
(ELD) F136
forged heat 116 1034 1103
treated
Ti-6A1-7Nb F1295 forged 110 900-1000 | 1000-1100
annealed
Ti-5AI-2.5Fe forged 110 820-920 | 940-1050
annealed
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Fig. 7. Crystal structure of TiN*>,

3. ZrIN9 =43 T+ x

ze]

s

o

el

X

7o

4

Fig. 83} #o] TiN}

ZrN2

T
o
el

M
ﬁo

o)
e

o

Gl
el

nze)

il

4

o))

=

o

=K

o))
uhy
oy
o

XY

A4
it

—_—

0

%]

=



F

~

C

Fig. 8. Crystal structure of ZrN°%

A6d 7] shetA 24

oo
=)

a

X
;O#I

of Ad7]3

A=
=

A

1.

oo
jant

®
ol
o
vl

X

o))

o
ol

w

=)

Tor

ol

ze]

=
T

o)
B
A
4

x
4

e o

10]

A
~

o}

AR E

L
fu

, wer ol

L= 1A

]

Ay

&

Fig. 99}

—_—
o

G

4

ol
oo
)

—

il

o
4
I



o

ol
oo
)
o

o

o

—_
o

el
i
st

1)
)
3)

2H+2e 7*06’2

2i7" +§ & 2™ —H,0

o L [e] .
=S

)

s

(4)
()

A@%e*ﬁé‘ﬁﬂ—@ﬁr
1 _
0+ Oy+2e 20l

o

el

oo
Gt

o))
U

7ok

ol
s

~
o

BN
—
o

_Zrl
el

puzel

—_

<

o)
BH

hin
juid

X7

X

1o

o

)

—
o

vie)
_Z?
el

AL
o0

o
ol

0
Ar

)

jze]

-

—

il

o
4r
Il

N

)
B

o

wjr

=

N

o

B

rvze]

el

ol

)

X
Hr

i
)

il

)

o
il
o
4r
Il

i

el
&

}‘\_1 ;1(:1_ ‘?4 ECOTF



M2- Acid Solution

Anodic reaction e Cathodic reaction
2H +2e —H, M — M2* +2e

. . . . . . 37)
Fig. 9. Corrosion reaction of metal in acid solution’ .

I Oxygen evolution
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Fig. 10. Hypothetical anodic and cathodic polarization behavior for

) e . . . . 38)
a material exhibiting passive anodic behavior ™.
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o

ml HF + 3 ml HCl + 5 ml HNOs; + 190 ml HoO Keller's g o2 of 3
OM3} FE-SEME o] §dto] 7|4 x4& #2643

Aol A4 xE X-A FARAVIE AHEe o AW 20 ~ 90%=2] 26
TS A AT Al 0]8 Ar= X'pert PRO MPD(PANalytical, Netherlands)

b ¥

¢

A54 TiN % ZrN =¥

EbAle 2= Ti (99.99%, Williams Advanced Materials, USA) I Zr (99.99%,
Williams Advanced Materials, USA)S A& 3} 9t}

TiN % ZrN ¥ RF-magnetron sputtering FH S Alg38lo] m"d 9o
120 et AT ZEHS 57 HllA 21EE Nagt
Ar o] A4EHUR 27 AT ZEe FIE AEee] 10° TotA UEEE
FAT T 0 FA PFxE AEdte] 10° TorrhA I3 =S "ot} o
Z = #H4Y AoAE AHEde WMy xE Fdstdon 7l#e] X+ TING
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@7k S 40 scemo] H == uAsto] 2963
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Fig 12. Schematic diagram of RF-magnetron sputtering system.

Table 6. Deposition condition of TiN and ZrN film on the Ti-Ta

alloys.
Coating condition TiN film ZrN film
Target Ti (99.99%) Zr (99.99%)
Base Pressure 1x10° Torr 1x10° Torr
Working Pressure 1x10* Torr 1x10* Torr
Gas N2 (35 scem) + N2 (35 sccm) +
Ar (5 scem) Ar (5 scem)
Operation 100°C 100C
Temperature
Pre-sputtering 20 min 20 min
Deposition Time 40 min 40 min
Power Supply 100 W 100 W
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1. &4 %A & (potentiodynamic test)

A9 gE9 P4 542 A7 Sd PEe Fa Aoz s 96
FANANDEL BT AR SIC AAZ 2000 grithA 4 Avkd F, ALO
B ol gdtel 10 ~ 03 mhAd viAdvd F ORIAEL A7) 9ol
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2. AC. 99 g2 =4 (A.C. impedance test)
5

IF dadx 54 Ay A B8y 2L 365 £ 1TCY 09% NaCl
Aol SAFAY. dud s =4 X = frequency response detector (model

1025. EG & G, USA)E Al&std o SAWAL 3d= 2oz SCE (KCHE

%

L

gaFow s 49
240 ST Fd 99 10 miz ~ 100 KAX S WAR sl EASYw

(Table 3) ZSimWin(Princeton applied Research, USA) AXZE o] & A}-&3}lo] R,

Table 7. 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 £ 1T 365 £ 1T
Frequency range — 100 Ktz ~ 10 mHz
A.C amplitude — 10 oV
Point — 5 point/decade
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Fig. 14. OM micrographs of Ti—Ta alloys after homogenization
treatment at 1000 C for 6 hrs.
(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta



WD28.0mm 20.0k¥ x1.0k 50um WD27.1mm 20.0kV x1.0k 50um

Fig. 15. FE-SEM micrographs of Ti—-Ta alloys after
homogenization treatment at 1000°C for 6 hrs.
(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta
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Fig. 17. OM micrographs of Ti—-Ta alloys after aging treatment
at 400C for 2 hrs.

(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta



Fig 18 FE-SEM micrographs of Ti-Ta alloys after aging treatment
at 400C for 2 hrs.

(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta



Fig. 19. OM micrographs of Ti—-Ta alloys after aging treatment
at 500C for 2 hrs.
(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta
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WD22 3mm 20_0KY x1.0k WD22_4mm 20_0KY x1.0k

Fig. 20. FE-SEM micrographs of Ti-Ta alloys after aging
treatment at 500C for 2 hrs.
(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta



Fig 21. OM micrographs of Ti alloys after aging treatment at
600C for 2 hrs.
(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta
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WD23 .4mm 20 .0k¥ x1.0k 50um
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Fig 22. FE-SEM micrographs of Ti alloys after aging treatment
at 600C for 2 hrs.

(a) Ti-10Ta (b) Ti-20Ta
(c) Ti-30Ta (d) Ti-40Ta
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Fig. 23. X-ray diffraction patterns of Ti—Ta alloys after aging

treatment at 400C for 2 hrs.
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Fig. 24. X-ray diffraction patterns of Ti—-Ta alloys after aging
treatment at 500C for 2 hrs.
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Fig. 25. X-ray diffraction patterns of Ti—-Ta alloys after aging
treatment at 600°C for 2 hrs.
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Fig. 26. Potentiodynamic polarization curves of Ti—-Ta alloys after
potentiodynamic test in 0.9% NaCl solution at 36.5 + 1TC.



Table 8. Values of corrosion current density(I..) determined for
the Ti—-Ta alloys from the potentiodynamic polarization
curves in 0.9% NaCl solution at 36.5 + 1TC.

Sample Lo (A/ct)

Ti-10Ta 294x70°

Ti-20Ta 1.56x107°

Homogenized s
Ti-30Ta 1.74x10

Ti-40Ta 9.85x107

Ti-10Ta 418x10°

Ti-20Ta 389x10°°

Aged at 400C >
Ti-30Ta 1.76x10

Ti-40Ta 1.04x10°

Ti-10Ta 5.31x10°

Ti-20Ta 262x10°

Aged at 500TC 5
Ti-30Ta 249x10

Ti-40Ta 1.42x10°

Ti-10Ta 6.96x10°

Ti-20Ta 440x10°°

Aged at 600TC >
Ti-30Ta S45x10

Ti-40Ta 246x10°
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Fig. 30. Bode plots for Ti—-Ta alloys after AC impedance test in
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Table 9. Values of solution resistance(Rs) and polarization
resista- e(R,) determined for the Ti-Ta alloys from EIS
plots obtained in 0.9% NaCl solution at 36.5 + 1T.

Sample Rp(Q cr) Rs(Q cr)

Ti-10Ta 261,956 397

Ti-20Ta 426,136 479
Homogenized

Ti-30Ta 473,962 840

Ti-40Ta 2,057,595 497

Ti-10Ta 206,847 313

Ti-20Ta 695,517 287
Aged at 400C

Ti-30Ta 773,025 124.67

Ti-40Ta 7,030,659 10.64

Ti-10Ta 264,249 10.63

Ti-20Ta 433,354 6.08
Aged at 500C

Ti-30Ta 455,069 1.07

Ti-40Ta 648,006 399

Ti-10Ta 76,598 1.00

Ti-20Ta 127,467 267
Aged at 600TC

Ti-30Ta 348,720 10.03

Ti-40Ta 465,044 578
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Fig. 31. FE-SEM showing cross-section of coated samples. (a)
TiN film (b) ZrN film
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Fig. 33. Potentiodynamic polarization curves of TiN and ZrN coated
Ti-Ta alloys after potentiodynamic test in 0.9% NaCl
solution at 36.5 + 1T.



Table 10. Values of corrosion current density(I..+) determined for
TiN and ZrN coated Ti-Ta alloys from the potentio—

dynamic polarization curves in 0.9% NaCl solution at

36.5 + 1TC.

Sample Icorr(A/CHf)

Ti-10Ta 1.94x70°°

Ti-20Ta 21451077

Homogenized

Ti-30Ta 256x107°

Ti-40Ta 9.65x10°

Ti-10Ta 924x107

Ti-20Ta 781x107

TiN coated )

Ti-30Ta 5.98x107

Ti-40Ta 251x107

Ti-10Ta 1.02x10°°

Ti-20Ta 989x107

ZrN coated 5

Ti-30Ta 6.17x10

Ti-40Ta 5.74x107
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Table 11. Values of solution resistance(Rs) and polarization resistance
(R,) determined for TiN and ZrN coated Ti-Ta alloys
from EIS plots obtained in 0.9% NaCl solution at 36.5

+ 1C.
Sample Rp(Qcr) Rs(Qcr)
Ti-10Ta 261,956 397
Ti-20Ta 426,156 479
Homogenized
Ti-30Ta 473,962 E40
Ti-40Ta 2,057,595 497
Ti-10Ta 452 245 309
Ti-20Ta 647,390 15.63
TiN coated
Ti-30Ta 1,554,463 1740
Ti-40Ta 5,193,916 432
Ti-10Ta 4852 299 332
Ti-20Ta E72 299 25.05
ZrN coated
Ti-30Ta 1,403,564 26.05
Ti-40Ta 3,851,239 7727
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