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Electrochemical Properties of Biomedical
Ti-Nb-Zr-Ta Al loys

Myung, Han Suk
Director : Prof. Ko, Yeong-Mu, D.D.S., M.S.D.,Ph.D.
Dept. of Dental Science

Graduate School of Chosun University

The use of titanium and its alloy as biomaterial is increasing due to
their low modulus, superior biocompatibility and enhanced corrosion re
sistance when compared to conventional stainless steel and cobalt-base
d alloys. The purpose of this study is to investigate the microstructu
re variation, phase transformation behavior and corrosion characterist
ics of Ti-13Nb—-13Zr-xTa alloys. Two kinds of alloys containing Ta conc
entrations of 3 and 7 wt% were used to investigate the microstructure,
corrosion resistance and others. The specimens were solution treatment
in the B phase field of Ti alloy and fol lowed by water quenching(WQ).
The samples for optical metallography, scanning electron microscopy we
re prepared using standard techniques and etched with Kroll's reagent.
X-ray diffraction(XRD) analysis for specimens were performed using a p
hilips 3121 diffractomenter. Effect of alloy composition on the corros
jon resistance was studied by anodic polarization test. From the resul
ts of anodic polarization behavior in Ti-13Nb—13Zr—-xTa alloys, it was
found that the corrosion resistance was increased with increasing Ta ¢

ontent.
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Temperature

% of a stabilizer

Fig. 1. Schematic phase diagram of Ti alloy a-stabilized phases”).
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Fig. 2. Schematic phase diagram of Ti alloy B-stabilized phases‘5).
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Fig. 3. Allotropic transformation of titanium™®.



H 22 &DIssHH

8o OlaH

Pl

1.

Eges

==

off

Et(Alessandro Volta)Oll 2l

T

UM, A= OF

ol

ol

T MXLt SE

A4
=R

o
—

0l SEte A2 TOE

=
=

2 AUCH. 2 0

iofl

-

n0

o
AT

Nicholsonzt

!

cC

o2
ol

oI
A

JIJ
03
<F
oll
040
an)
JIJ
ul
oJ

ol
oll

=d

=
-/

CHdsS SEEXU

o
—

Ju
53

0
ol

20

180001, #H= 1k

[e)
ju—

Carlisle

0

ol
O

9]

ol A

J

i

B
3%
e}
20
oll

E
X

<+
J

10
(w]

I
J
S

I

ol
=
o

00

Ol

BFAH  2OH =
Oy o T -/
OICt. Ol2t &2

=2

Il 2l

J

KN
£l

Z 00t

Ab2

o
TT

M% 0l%t

=
S

ol

=
=]

(@]

H(electrolysis)ct

AHX

1833

=Lt
CH, 2@sE At

ol =H
=

ol
<0
)

ol
ol
oll

82

9]
i

o1

(6]
(a4

Rr

=2
=}

F

HOll CHol === &

=
I_O

4 Faradaye= &D|

L=
[

)

A

H

00

(cathode)

o
(=== |

P

ni

Sk=2 (anode)

242t
)t

(electrode) S

I g 0
o2t

S
=]

AE 20l

nr
0lo

ol
nr
Kl

J

g =00

2Hs Mol (electrolyte)0let

I
Ie)
)

OH

i
S
KJ

o
00
Rr

0l
Rr
H0
M0

10l A

ol & (catholyte) 2

HOH

1o

&HX= G

tel

= =
S22

[, 19MID101 ol=2el O

= =
=0

SfEL.

L

22
=T

X2

LI 2 (John Frederick Daniell)Ol

!
=
o

K]



20ts &

10

S

[m]
L

=210l

ol

(]
010
5)
<
o)

U
O

Ol

-

<0

=
=

gs= HAE U X

=&H 2 (potentiodynamic) 2234

2.

Dk

_

ol
o0

010

ol
Ul
<+

gl

D

<l

IF

oJ
Rl
o
K]

ol
X
Ar

nr
I

ilo]
&

ot
<+

<l

0l
00

nr
IH

ok
=d
HO

o]

oll

IH

KU
ol

ol

0l
Fill
70
J
]
RO
KIr

ol
70

ib0

uln
fil

70

J
1}
RO
KIr

ol
00

ol

0l
dr
o

J
fo

o]

ol
il
10
Rr
or
ol

Kl

-

oJ

[[e]

otCt.

A (primary

T

OlH, 1Xt S=EH

JEXID RUCH

o

ur

J
0%

<+

ioll
RO
K

Al
passivation potential,

Ie)
or

density,

current

o),

N
(breakdown potential, E,), A& (corrosion potential,

122 T (critical

A

ol
o
9l &= (passive current

Epp) ’

o
+

Kl

S EH I

=
T

density,

IS

ot
<+

Ar

E-I —Cr)_l ECOI’ r

<l

KIr
H

e
Pl
_M_
H
o
0
ol

dr
o

gl

(m]

19

re M
o O

=]
[ui}

Moz

9

L

[u]
=

I

| Enplll =EotH S =EH

B

S SEH

p)

AL =

El

K]

Ju
By

I3
Kl

~

9]

<

-

0l

M= &0t SOt Hets 2FSH2L0A 83F2E

Olo



rr

b2 FAEXE 1 0laez &0t Sotot

CHAl 2 d3tE0 K2 =L SItotHl =0,

_10_

m:
[}

S SH

in

ot
=

O

in

f

nl

==

jun §
[=]

E
-/



Oxygen evolution

Secondary passivity

Noble(+) —»

Ip = passive c.d.

Transpassive region

Passive region

T4, = critical c.d.

1,y = corrosion c.d.

potential
Anodic current

Electrode potential versus SCE, V

Active region

Electrode potential versus SCE, V

E,,, = corrosion potential

<— Active()

Log current density (c.d) mA/cm?

Fig. 4. Hypothetical anodic and cathodic polarization behavior

for a material exhibiting passive anodic behavior ™.
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Fig. 6. The optical microstructures of the Ti—6Al1-4V alloy.
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Fig. 7. The optical microstructures of the Ti—-13Nb—13Zr-xTa
alloy with water quenching after aging treatment
at 700 T for 10 hr.

(a) Ta 3 wth (b) Ta 7 wt%
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Sum Spectrum

Full Scale 531 cts Cursor: 0,000 kel ket

Fig. 8. EDS results for the Ti—-13Nb—13Zr-7Ta wt% al loy
with water quenching after aging treatment at 700 C
for 10 hr.
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Table 1. Corrosion potential(Ecrr), corrosion current
density(lcorr) of Ti—-13Nb—13Zr—xTa(x=3, 7 wt%) alloys
after electrochemical test in 0.9 % NaCl solution

at 36.5 £1 C
Ti-13Nb—13Zr—xTa Ecorr (MV) | corr (A /i)
3 wt% Ta - 520 3.82 x107
7 wt% Ta - 501 3.56 x 107
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Fig. 10. Potentiodynamic polarization curves of
Ti-13Nb—13Zr-xTa al loy after potentiodynamic test
in 0.9 % NaCl solution at 36.5 +£1 C.
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