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ABSTRACTS

Electrochemical Properties of Ti-30Ta-(3-15)Nb Alloys
Coated by HA/Ti Compound Layer

Yong-Hoon Jeong
Advisor : Prof. Han—Cheol Choe, Ph. D.
Dept. of Optical Application Engineering,

Graduate School of Chosun University

Electrochemical properties of Ti-30Ta-(3-15)Nb alloys coated by HA/Ti
compound layer have been studied by various electrochemical method. Ti-30Ta
binary alloys contained 3, 7, 10, 15 wt% Nb contents were manufactured by the
vacuum furnace system. and then specimen was homogenized for 24 hrs at 100
0C. The samples were cut and polished for corrosion test and coating. and then
it was coated with HA/Ti compound layer by magnetron sputter. The non
coated and coated morphology of Ti alloy were analyzed by X-ray
diffractometer(XRD) and filed emission scanning electron microscope(FE-SEM).
The corrosion behaviors were investigated using potentiodynamic test and A.
C. impedance test (PARSTAT 2273, USA) in 0.9% NaCl solution at 365 + 1
C.



The results were as follows;

1. From XRD analysis, homoginazed Ti-30Ta-(3715wt%)Nb alloys showed the a
+B phase, and B phase peak was predominantly appeared in the case of

increasingly Nb contents.

2. From the microstructure analysis, The microstructures of Ti alloy were
transformed from needle-like structure to equiaxed structure as Nb content

increased.

3. From the analysis of coating surface, HA/Ti composite surface uniformed

coating layer with 750nm thickness.

4. The polarization resistance of HA/Ti composite coated Ti-alloys were higher
than those of the non-coated and HA coated samples in 0.9% NaCl solution at
36,5 = 1 TC. especially, corrosion resistance of Ti-Ta-Nb system increased as

Nb content increased.
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Table 1. Biological safety of metals.
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Type of reaction

Ti, Zr, Nb, Ta, Pt, Ti

vital

Al, Fe, Mo, Ag, Au, STS, CoCr

capstule

Co, Ni, Cu, V

toxic

Ti-6A1-4V 3t

ko) e
W,

2 @o] AFgEdY 3161 ~H Y A~ Co

o

BAE de

e 7

A A8

owv g 1A

X

_L
o
o

ol

]_

i)

o
jat
e

o

70
el

-

0|
st

LA A A

ol A W =5 A

=< Ti-6Al-7Nb, Ti-5A1-2.5Fe ©] A ¥H

H

ol

—_

;O\_
70

oz Jiwd g

_T
=

ol

oo

el

N

o)
st

e

ok 27 Aol o]
A ] R 5]

o

2]

SERE

A

1
.

gE =

1=

540t ¢

Qlo] ¥ =

2]

o

i

7oA o] FolAme BAWE 777} o

A=)
RN

I

o A

J

E X
=

Ao wh

1/3% A

of

puzel

wr

S

)
A

(beaded structure)<

3
i A1

9]

E
=

| 2 Aw A w2

P
= 9o

o 9=

EaE

oH

(notch sensitivity)ol] <]

= A2AsER, AA 9f(n-vitro)Ald Al argEojop & Fad 9o,



2. AA q5H $HR

L | bl

g
fot

5}

AA RsA, WintRAd, 254 Qe JEFETL oA o] VI ALEE )
A= TAdeR wo A Ayt ddqoer Rusn. dETES] SHA

# (stress shielding)= 10-40GPa®] Y& ©A A4S 7FA = ¢ 100-230GPad] =

=

e BAAFE M JEFE JSIA v FH Table 27 2710 AHEE
ZHE Amet 1Ad AAE Fu we dAAsE RoErh CoCrMogt STS
316LE 200GPa ool k& BAASE 7 elolebw welew FIFS
100-110GPae] & A4=E 7F .

Table 2. The elastic modulus of bone and biological alloys.

material Elastic modulus(GPa)  YS(MPa) UTS(MPa)
Bone 10-40 - 90-140
Cp-Ti 105 692 785
Ti-6Al-4V 110 850-900 960-970
Ti-6Al-7Nb 105 921 1024
Ti-6Al-2.5Fe 110 914 1033
CoCrFe 200-300 275-1585 600-1795
STS 316L 200 170-750 465-950
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Table 3. The coatings condition of sputtering targets.

Coating condition

Ti film

Ti/HA film

HA film

Target

Base Pressure

Working Pressure

Gas

Operation
Temperature

Pre-sputtering

Deposition Time

Power Supply

Ti(99.998%)

10°° Torr

107 Torr

Ar(40 sccm)

1507T

20 min

40 min

100 W

Ti/HA(99.999%)

10°° Torr

107 Torr

Ar(40 sccm)

150C

20 min

40 min

100 W/40 W

HA(99.99%)

10°° Torr

107 Torr

Ar(40 sccm)

150TC

20 min

90 min

40 W
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Table. 4. The condition of electrochemical corrosion test.

Potentiodynamic test

A.C. impedance

Electrolyte

Working electrode

Counter electrode

Reference electrode

Scan rate

Temperature

Frequency range

A.C amplitude

Point

0.9% NaCl

Sample

High dense carbon

SCE

1.67 mV/s

36.5+17C

0.9% NaCl

Sample

High dense carbon

SCE

36.5+17C

100 kHz = 10 mHz

10 mV

5 point/decade
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Fig. 9. FE-SEM showing the microstructure of

Ti-30Ta-xNb alloys.

(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig. 10. XRD patterns of Ti-30Ta-(3"15wt%)Nb alloys.
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Fig 11. FE-SEM showing Ti coated of Ti-30Ta-xNb
alloys.
(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig. 12. XRD patterns of Ti coated Ti-30Ta- (3" 15w t% )Nb

alloys.
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Fig 13. FE-SEM showing HA coated of Ti-30Ta-xNb

alloys.
(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig. 14. XRD patterns of HA coated Ti-30Ta- (3" 15w t% )Nb

alloys.
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54 150KV 14.8mm x50.0k SE(M)

Fig. 15. FE-SEM micrographs showing HA/Ti coated

layer of Si wafer by cross section method.
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Fig. 16. FE-SEM showing HA/Ti coated of Ti-30Ta-xNb

alloys.
(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig. 17. XRD patterns of HA/Ti coated
Ti-30Ta-(3715WT%)Nb alloys.
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Table. 894 HA/Ti &3¢

Z=(buffer layer)

expansion)=
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Fig. 18. Potentiodynamic polarization curves of

Ti-30Ta-xNb alloys after potentidynamic test in 0.9% NaCl

solution at 36.5 + 1TC.
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Fig 19. FE-SEM showing the microstructure of

Ti-30Ta-xNb alloys after corrosion test in 0.9% NaCl
solution at 36.5 + 1T.

(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig. 20. FE-SEM showing the microstructure of Ti—coated

Ti-30Ta-xNb alloys after corrosion test in 0.9% NaCl
solution at 36.5 + 1T.

(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig 21. FE-SEM showing the microstructure of HA coated

Ti-30Ta-xNb alloys after corrosion test in 0.9% NaCl
solution at 36.5 + 1T.

(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Fig 22. FE-SEM showing the microstructure of HA/Ti

coated Ti-30Ta-xNb alloys after corrosion test in 0.9%
NaCl solution at 36.5 + 1TC.
(a) Ti-30Ta-3Nb, (b) Ti-30Ta-7Nb, (c) Ti-30Ta-10Nb,
(d) Ti-30Ta-15Nb
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Table. 5. Polarization resistance (Rp), corrosion potential

(Ecorr), corrosion current density (I...r) and current density

(Isoomv) of Ti—-30Ta-xNb alloys after electrochemical test in

0.9% NaCl solution at 36.5+1TC.

Coat ing Unit . . Alloys .
Ti-30Ta-3Nb Ti-30Ta-7Nb Ti-30Ta-10Nb Ti-30Ta-15Nb
R, (Qer ) 1.01x10° 7.24x10° 1.04%10° 5.12x107°
Non Ecorr (mV) -480 -860 -1030 -520
lorr (A/Cn®) 2.57%10°  4.67%x10° 5.34x10°  1.24x10°
Tsooww (A/Cm?) 1.68x10°  7.10x10°  1.67x10® 9.16x10°®
R (Qar ) 3.08x10*  3.2x10* 3.01x10*  6.08x10*
Ecorr (mV) -810 -930 -1108 -970
T Leorr (A/Cn?) 3.3X%10 3.43x10°%  2.97x107  1.39%x10°
Tsoow (A/Cm®) 2.18%10°  2.9x10° 4.74X10°  4.06x107°
R, (Qar ) 1.43x10°  3.46x10°  3.10x10°  2.14X10°
HA Ecorr (mV) -410 -220 -370 =370
lorr (A/Co®) 2.15%10°  2.48%10°  2.05%10® 2.42x10®
Isooww (A/Cm?) 5.16x10°  1.28x10°  1.99x10°  1.34x10°
R, (Qaf ) 1.15X10°  8.06x10*  3.07x10°  5.48x10°
HA/Ti Beorr (mV) -390 -360 370 -350
Torr (A/Cm®) 2.60x10°  1.01x10°  1.08x10°  4.20x107
Isoowy (A/Cm®) 1.53%X10°  6.62X10° 4.24x10° 2.08x10°®
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impedance test in 0.9% NaCl solution at 36.5 + 1TC.
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impedance test in 0.9% NaCl solution at 36.5 +1TC.

_49_



¥ Non-coated

phaseof Z (deg)

¥ HA-coated

phase of Z {deg)

100

20t

&0

401

201

0

100

80t

&0 L

40|

201

4.
E ol

L4

Bgs i
£ B e

i Tim T
—w— TI-IOTE-150R

e

L
107107107 10" 10* 107 107 10* 107 10°

Freguency [Hz]

—8—TI-30Ta-3 b
—a— TI-30Ta-7 NIy

T L30TE-1ON
—w—Tl3aTa-15Nb

0 .'\l
107107107 10° 10* 107 107 10* 10° 10°

Freguency [Hz]

¥ Ticoated
100

80

&0

40

phase of Z {deg)

20

a

10710710 10° 10* 107 10 10* 10° 10

#» HAITicoated
100

Freguency [Hz]

=ls}

&0

40

phase of Z {deg)

20

o]

—&— TI-30Tw-30R

=,
i

10710710 10° 10* 107 10 10* 10° 10

Freguency [Hz]

Fig. 27. Bode—phase plot for Ti-30Ta-xNb alloys after AC

impedance test in 0.9% NaCl solution at 36.5 + 1TC.

_50_



il
eyl

=
=

5 Magnetron sputter

Ti-30Ta-(3-15 wt%)Nb

ol
_Lmo

TTY
OO

o
_Z#O

)

X
Py
el

T
o|J

1. Alzd 59 X-

F= 9 22 B peakE

[
=

o] 27}

%
%

<
o
ol
Toh
=y
L)

23 HA/Ti 5% =

47) 8 8HA] ¢

4.

No
o
™

¢+
o

fuy

ar
,HO
™

No

B

(buffer layer) #8 2

_51_



9
kel
e
ot

1. J Breme, E Einsenbarth, H Hilerbrand(1995). Modification of the surface of
titanium implants for an Improved osseointegration. Z77zaniuin 95, Science
and 7Technology 1792.

2. GC McKay, R Macnair, C McDonald, MH Grant(1996). Interactions of
orthopaedic metals with an immortalized rat osteoblast cell line.
Lromaterials 17:1339-1344.

3. M Niinomi(1998). Mechanical properties of biomedical titanium alloys.
Materials Sci Eng A 243:231-236.

4. JE Davies, B Lowenberg, A Shiga(1990). The bone-titanium interface in
vitro. / Briomed Mat Fes 24:1289-1294.

5. NR Van(1987). Titanium; The implant material of today. / Mater Sci
22:3801-3810.

6. MF Semlitsch, H Weber, RM Streicher, R Schon(1992). Joint replacement
components made of hot-forged and surfacetreated Ti- 6Al-7Nb alloy.
Lromaterials 13:781-786.

7. Y Okazaki, S Rao, S Asao, T Tateishi, S Katsuda, Y Furuki(1996). Effect
of Ti, Al and V concentration of the relative growth ratio of Bio-Cells. /
Japan Inst Metals 9:890-895.

8. AK Shukla, R Balasubramaniam, S Bhargava(2005). Effect of replacement
of V by Fe and Nb on passive film behavior of Ti- 6Al-4V in simulated
body fluid conditions. / A/ovs Comp 389:144-152.

9. JA Davidson, P Kovacks(1992). New Biocompatible, Low Modulus Titanium
Alloy for Medical Implant. /.S Paternt no. 5, 169, 597.

10. E. W. Collings(1986). The physical metallurgy of titanium alloys. ASA/
329-334.

_52_



11. R Boyer, G Welsch, E. W. Collings(1994). Materials properties of
Handbook, Zizarnium allovs, ASMYZ.

12. J. Black, G. Hastings(1998). Handbook of Biomaterial Properties.
Champman & Hall 135.

13. F. Andres von Recum(1999). Handbook of Biomaterial Evaluation Zwv/or
&Francis 1.

14. V. Nelea, C. Morosanu, M. Iliescu, LN, Mihailescu(2003). Microstructure
and mechanical properties of hydroxyapatite thin films grown by RF
magnetron sputtering. .Susface and Coatings 7ech 173:315-322.

15. K. Ozeki, T. Yuhta, Y. Fukui, H. Aoki(2002). Phase composition of
sputtered films from a hydroxyapatite target. Swfce and Coatings 7ech
160:54-61.

16.  Shinn-Jyh Ding(2003). Properties and immersion behavior of
magnetron-sputtered multi-layered hydroxyapatite/titanium composite
coatings. FBromaterials. 24:4233-4238.

17. H.C. Choe, W. Brantley(2007). Effect of multi-layered TiN/ZrN/Tooth-ash
composite coatings on the surface characteristics of Ti—(Nb, Zr, Ta, Hf)
dental implant alloys with low elastic modulus. Advanced AMater Fes.
26-28:825-828.

18. Y. T. Zhao, Z. Zhang, Q. X. Dai, D. Y. Lin, S. M Li(2006). Microstructure
and bond strength of HAGZrO2+Y203)/Ti6Al4V  composite coatings
fabricated by RF magnetron sputtering. Swijace and Coatings 7ech
200:5354-5363.

19. E. W. Collings(1984). The physical metallurgy of titanium alloys. ASA7.
39-45

20. W. F. Smith.(1993) Structure and properties of engineering alloys, 2nd eds.

21. R. Boyer, G. welsch, E. W. collings(1994). Materials properties

_53_



Handbok-titanium alloys, 4.547.

22. M. Peters, C. Leyens, ] Kumpfert(1996). Titan und Titanlegierungen,
DG

23. Z. Liu and G. Welsch(1998). Met 7rans., 19A, 1121.

24. F. H. Froes, H. B. Bomberger(1985). / of Metals, 37, 28.

25. S. Mitao, S. Tsuyam, K. Minakawa(1991). Microstructure/Mechanical
property relationship in titanium aluminides and alloys. 7ZAZS, Warrendale
Pa 297.

26. M. A. Imam and A. C. Fracker(1996). Medical Application of Titanium and
Its Alloys. AS7M PA 3-16.

27. Okazaki(1999). The light metals, 49:613-620.

28. M. Niinomi(2001). Titan, 49:3-6.

29. Toth, et al., Transition Betal Carbided and Nitrides(1971). Margrave, J. L.
ED. Zefractory Materials, vol 7, Academic Press, New yvork.

30. J Oazaki, Y, T Tateishi(1993). Effect of alloying Elements on Mechanicl
Properties of Titanium Alloys for Medical Implant. / Japarn st Metal
57;332.

31. JL. Ong, LC. Lucas, WR Lacefield, ED. Rigney(1992). Structure,
Solubility and bond strength of thin calcium phosphate coatings
produced by ion beam sputter deposition. Zromaterials. 13(4):249.

32. A. Rabiei, B. Thomas, B Neville, J. W. Lee, J] Cuomo(2007). A novel
technique for processing functionally graded HA coatings. Materials Sciernce
and Engmeering. 27:523-528.

33. M. Yoshinari, K. Ozeki, T. Sumil(1991). Properties of hydroxyapatite -
coated Ti-6Al-4V alloy produced ion plating methode. Zuw// 7okvo. Dent

Coll 32 147-156.

34. M. Kendig and F. Mansfeld(1983). Corros Sci 23:317.

_54_



35. JB. Foreword. Corrosion. ed. by Shreir. L., et al., 2th, 1987, pp.16-21.

36. JR Scully(1987). Electrochemical methods of corrosion testing. Metals

handbook, ed. by Baker. H., et al., 9th eds., Corrosion, vol.13: pp.212-228.

37. Ho Wi, Ju CP, Chern Lin JH(1999). Structure and properties of cast
binary Ti—-Mo alloys. Zromaterials 20:2115-22.

38. SE Kim, HW Jeong, YT Hyun, YT Lee, CH Jung, SK Kim, JS Song,
JH Lee(2007). Elastic Modulus and In vitro biocompatibility of Ti-xNb and
Ti-xTa alloys. Mat and Mater Inter. 13:145-149.

39. Minfang Chen, Debao Liu, Chen You, Xianjin Yang, Zhenduo Cui(2007).
Interfacial characteristics of graded hydroxyapatite and titanium thin film by
magnetron sputtering. .Suzface and Coatings 7ecs 201:5683-5691.

40. A. R. Boyd, H Duffy, R. McCann, B. J, Meenan(2007). Sputter deposition
of calcium phosphate/titanium dioxide hybrid thin films. Aaterials Scrence
and Engineering:

41. JR Scully(1987). Electrochemical methods of corrosion testing. AMetals
fandbook, ed. by Baker. H., et al., 9th eds., Corrosion 13:212.

42. Ibris N, Rosca JCM(2002). EIS study of Ti and its alloys in biological

media. / Electro Cherm 526:53-62.

43. obayashi E, Wang TJ, Doi H, Yoneyama T, Hamanaka H(1998).
Mechanical properties and corrosion resistance Ti-6Al-7Nb alloy dental
casting. Mater Sci..Mater. Med 9:567-826.

44. JEG Gonzalez, JC Mirza-Rosca(1999). Study of the corrosion behavior of
titanium and some of its alloys for biomedical and dental implant

applications. Journal of Electroanalviical Chermistry 471:109-115.

_55_



AA e 2

237 AE S

golety

A Zed EA &

(e3]
S

o 2 17}

ol

o

ol
™
ol

)
R

Pl
it

il
]
ql
TR
<

o

!
-
e

|

R

M

—

0

ol

)
R

w2
o/

o

i
Nl
w

=

el
il
=
0|
N

¢
g

w0
s

—_—

=

==
F40

ol o2 shubsht b2 A

=3

A7

IR

9|

2e s, vy shed Ady 24

U

7ol

s

X
ol

ol

<H
o

N
|

e

ToR

X
el
4n

o

N2
0|
N

™

s
&
B

Ho
N
fuyl
T
N

=
"o

el

oo

o

~o

Uy
%

o] Wo F

3]
=]

ol A

BH

e}

b

<0

o8, o

&

;OHH
B

el
K

o

Nl
A

©
T

A

= of A

7}

s

| HolE A

3] o
=y

2 AAY

217174

=0l

(@)
-

=l

I

st A A

Z, 84 nA

Az
H

gl

—_
o

ol

2008. 2

gl
ofp

foh
oo

rvzel

_56_



A2g o4 3 etA

: x 2
~ | 2 By &
Tk T

S )i )

=2 o k
X |
O mo o m ﬂ

o = ~ m
- I = o

RS ) & &

N B e — >
o | 2] 5 ° =
| B | e = n o
N 5 o Q g
o i T £ 3

- m Fa v Q
S % al g8 BE

B | & s | P g O

< | W o

I e = &
= | || e . W

Rl R | | e £

o = | g Q

| S S >

olt] H.__l [S )

Y e ° 5

_—OT .. H L«u 5]
— T - [ I

do | g | 2 28
o | = W @ g

Lo

.. |

f| | m | R g S

o3 TR g <

=SNG =

r ol

NI
—_—

N

™=

o

)

N

he

N
0|

bol thewt g

S

o)

Ak

NI

-—

)
.mﬂ
il

Ho

=
=

1. A =& DB+

gl

bl @

°

_(13,]

o

=

SRR

2.

ol

!

0|
To
gl
do

o}

]

NI

-—

FaL, 71358 370 oo W9

ol
ﬂ.o
ap

&

el

)

oy
BR
o
oy
-

-
o

oy
B
N

wn

1o

170 ool thsto] o] &

o

o

EF QLo

p
L

s

ERTE

[€]

]

]

won
wr

.
o

oy
T
N
o
ol

X

o}

NI

-—

=

o]

2008 1 2 ¥

o

_+o
E

o

"z

N



	제1장 서  론
	제 2 장 이론적 배경
	제 1 절 타이타늄의 성질
	제 2 절 타이타늄 합금의 종류
	제 3 절 저탄성 계수 타이타늄 신합금
	1.생체용 합금의 특성
	2.생체 역학적 응력차폐 효과

	제 4 절 Magnetron sputtering system을 이용한 HA/Ti 복합 코팅
	제 5 절  Hydroxyapatite(HA)의 물성과 구조
	제 6 절  전기화학적 부식
	1. 금속의 전기화학적 반응
	2. A.C. 임피던스


	제 3 장 실험 방법
	제 1절 시료준비
	제 2절 합금제조 및 열처리
	제 3절 합금의 미세조직 관찰
	제 4절 Ti 및 HA 코팅
	제 5절 전기화학적 부식
	1. 동전위시험
	2. A.C. 임피던스 측정



	제 4장 실험 결과 및 고찰
	제 1 절 Ti 합금의 미세조직 관찰 및 상분석
	제 2 절 Ti, HA 및 HA/Ti 코팅표면 및 층의 분석
	1. Ti 코팅한 합금의 미세조직 및 상분석
	2. HA 코팅한 합금의 미세조직 및 상분석
	3. HA/Ti 복합 코팅한 합금의 미세조직 및 상분석


	제 3 절 합금의 전기화학적 특성
	1. 표면의 양극 분극특성
	2. 표면의 A.C. 임피던스 측정

	제 5장 결 론
	- 참 고  문 헌 -

