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Pure titanium and its alloys are drastically used in implant materials due to their excellent mechanical properties,
high corrosion resistance and good biocompatibility. However, the widely used Ti-6Al-4V is found to release
toxic ions (Al and V) into the body, leading to undesirable long-term effects. Ti-6Al-4V has much higher elastic
modulus than cortical bone. Therefore, titanium alloys with low elastic modulus have been developed as biomaterials
to minimize stress shielding. For this reason, Ti-30Ta-xZr alloy systems have been studied in this study. The
Ti-30Ta containing Zr(5, 10 and 15 wt%) were 10 times melted to improve chemical homogeneity by using
a vacuum furnace and then homogenized for 24 hrs at 1000 C. The specimens were cut and polished for corrosion
test and Ti coating and then coated with TiN, respectively, by using DC magnetron sputtering method. The analyses
of coated surface were carried out by field emission scanning electron microscope(FE-SEM). The electrochemical
characteristics were examined using potentiodynamic (- 1500 mV~+ 2000 mV) and AC impedance spectroscopy(100

kHz~10 mHz) in 0.9% NaCl solution at 36.5x1 C.

The equiaxed structure was changed to needle-like structure with increasing Zr content. The surface defects and
structures were covered with TiN/Ti coated layer. From the polarization behavior in 0.9% NaCl solution, The
corrosion current density of Ti-30Ta-xZr alloys decreased as Zr content increased, whereas, the corrosion potential
of Ti-30Ta-xZr alloys increased as Zr content increased. The corrosion resistance of TiN/Ti-coated Ti-30Ta-xZr
alloys were higher than that of the TiN-coated Ti-30Ta-xZr alloys. From the AC impedance in 0.9% NaCl solution,
polarization resistance(R;) value of TiN/Ti coated Ti-30Ta-xZr alloys showed higher than that of TiN-coated

Ti-30Ta-xZr alloys.
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CORROSION CHARACTERISTICS OF TIN/TI MULTILAYER COATED TI-30TA-XZR ALLOY FOR BIOMATERIALS
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e AbskE Ak flste] 3 &8l Al AlEE 84
317] Aol 2EA] A TiE &allste] ZHE=she AkAE AAS)
Aok 5 el v LEE flske] ’HAR(W) A=
B& o] &3] AlES 103 v S3liste] alEkith Al
Z¥ AlHE& A7]Z (Model MSTF1650, JAPAN) & o]&
3to] Ari-¢]7] Adefell A 1000 TR 24A17F <t 74 3
0C &oll 33t 43}t st

ul A Z2A s s Al ES 14 thololEE AT
715 ol g3ty Aget A7 = dekdt & 2000 grite] SiC
AnAZHA] DA o 72 52 0413}0}1 HEFHOZ 0.3 m
GFuL R v g & 253 AlA S SRl 1)
3 AJHE 2 ml HF + 3 ml HCl + 5 ml HNO3 + 190 ml
Ho0 Keller's €922 o3 (etching) 3+ § FAFAA3 1]
4 (FE-SEM) & ©|&3slo] 7|A x4 #&atqith

B O =2 = Ti(99.99%, Williams Advanced Materials,
USA) & AFg39 e} TiN#F Ti 82 DC—magnetron
sputtering® 2.2 FHE3}ATE TiN/Ti thsue 957] 9
A 2% Nook Aro] AREE QAL 27] 1 Ee ZEF

I =2 Apg-ao] 1077 TorrWW AEEE A3 5, it
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1077 Torre] AFE)A Ard}t Ny 7FA%e] v]&2 35
sccm 5 scem@.E, Tie Are 40 sccm . Z35Fo] A
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/\1 E/H <> 010}37] quﬂ x%7]§,]_ak o] unﬁ (PARSTAT
Model 2273, EG&G, USA) S ©]438}%1.2H, 0.9% NaCl

Table 1. Convsion test conditions for Ti-30Ta-xZr alloys in 0.9%
NaCl at 36.5+1T.

Condition Potenti(;(:tynamlc AC Impedance test
Solution 0.9% NaCl 0.9% NaCl
Working electrode samples samples

Counter electrode |High dense carbon|High dense carbon

Reference electrode SCE SCE
Frequency range - 100kHz~10mHz
Temp 36.5¢1C 36.5¢1C

Potential range -1500~2000mV -
Scan rate 1.66mV/s -
AC amplitude - 10mV
Point - Spoint/decade
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electrode) =  XE3HHgH = (saturated
calomel electrode, SCE)<S RZH S (counter elec—
trode) &&= IUE ©AHTS 712 ARESkolon A3
Z712 Table 19 YEITH
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Fig. 1. FE-SEM micrographs showing microstructures of Ti-30Ta-5Zr(a), Ti-30Ta-10Zr(b), and Ti-30Ta-15Zr(c).
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Fig. 3. Polarization curves of Ti-30Ta-xZr alloys after poten-
tiodynamic test in 0.9% NaCl solution at 36.5+1C.

Fig. 2. FE-SEM micrographs showing surface morphology of TiN and TiN/Ti coated Ti-30Ta-xZr alloys. (a) TiN coated Ti-30Ta-5Zr,
(b) TiN coated Ti-30Ta-10Zr, (c¢) TiN coated Ti-30Ta-15Zr, (d) TiN/Ti coated Ti-30Ta-5Zr, (e) TiN/Ti coated Ti-30Ta-10Zr, (f)

TiN/Ti coated Ti-30Ta-15Zr.
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Fig. 4. Polarization curves of TiN coated Ti-30Ta-xZr alloys
after potentiodynamic test in 0.9% NaCl solution at 36.5+1C.
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Fig. 5. Polarization curves of TiN/Ti coated Ti-30Ta-xZr alloys
after potentiodynamic test in 0.9% NaCl solution at 36.5+1C.
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v SRS At e e o] FAE9,
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Table 2¢f vepltH

TiN/Ti 7Y 752 25342 TiNTS T8 49

= owe mge 9 BRI 2 PP RIFHE
Hol=d| o= ¥FF0 7 FIHE Tiso] TINY Has &
ANA BT TING 2R F ST R
o) vjue] §4 B9l FAAFUE glo vrob 1 FE
FeoA st 72 BFS Ho Skolx wzet gk
TiN/Tigto] & S48 A7} 2 o2 gr), Qb oz 24
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Table 2. Conrosion current density (Icon), current density at 300 mV (Izp0: clinical mouth enviromental condition),corrosion potential
(Ecor), and polarization resistance (Rp) of various surface treated Ti-30Ta-xZr alloys after electrochemical test in 0.9% NaCl at

36.5£1C.
Ti-30Ta-5Zr | Ti-30Ta-10Zr | Ti-30Ta-15Zr | Ti-30Ta-10Zr | Ti-30Ta-15Zr | Ti-30Ta-10Zr | Ti-30Ta-15Zr
(as received) | (as received) | (as received) | (TiN coated) | (TiN coated) |(TiN/Ti coated)|(TiN/Ti coated)
I°°“2 7.09%10° 4.75%107 8.41x107 420%107 3.54x107 4.85%x107 8.70x107
(A/ecm”)
Condi-| Lo | 5 10.10% 1.56x10° 6.36x10° 1.18x10™ 2.40%10° 2.28x10°° 1.38x10°
tions |(A/cm”)
ECOIT
(V) 750 -460 -110 -10 60 420 210
(Qﬁz) 2.03x10" 4.73%10* 5.28x10° 2.02x10* 1.15%10° 1.39x10° 1.35x10°
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Fig. 6. AC Impedance results of Ti-30Ta-xZr alloys in 0.9% NaCl solution at 36.5+1C. (a) Nyquist plots, (b) Bode plots, (c)

Bode phase plots.
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Fig. 7. AC Impedance results of TiN coated Ti-30Ta-xZr alloys in 0.9% NaCl solution at 36.5+1°C. (a) Nyquist plots, (b) Bode

plots, (c¢) Bode phase plots.
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Fig. 8. AC Impedance results of TiN/Ti coated Ti-30Ta-xZr alloys in 0.9% NaCl solution at 36.5+1°C. (a) Nyquist plots, (b)

Bode plots, (c) Bode phase plots
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