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Abstract

Titanium and titanium alloys are widely used for orthopedic and dental implants for their superior mechanical
properties, low modulus, excellent corrosion resistance and good biocompatibility. In this study, corrosion
behaviors of nanotube formed on the bone plate of Ti-6Al-4V alloy for dental use have been investigated.
TiO, nanotubes were formed on the dental bone plates by anodization in H;PO, containing 0.6 wt % NaF
solution at 25°C. Electrochemical experiments were performed using a conventional three-electrode
configuration with a platinum counter electrode and a saturated calomel reference electrode. Anodization was
carried out using a scanning potentiostat (EG&G Co, Model 263A USA), and all experiments were conducted
at room temperature. The surface morphology was observed using field emission scanning electron microscopy
(FE-SEM) and energy dispersive x-ray spectroscopy(EDS). The corrosion behavior of the dental bone plates
was examined using potentiodynamic test(potential range of —1500~2000 mV) in a 0.9% NaCl solution by
potentiostat (EG&G Co, PARSTAT 2273. USA). The inner diameter of nanotube was about 150~180 nm
with wall thickness of about 20 nm. The interspace of nanotube to nanotube was 50 nm. The passive region
of the nanotube formed bone plates showed the broad range compared to non-nanotube formed bone plates.
The corrosion surface of sample was covered with corrosion products.
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Fig. 1. The bone plates used in this study.
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Fig. 2. Schematic diagram of the anodizing apparatus
for nanotube formation.

Table 1. The condition of nanotube formation

Electrolyte 1M H;PO, + 0.6 wt% NaF
Working electrode Samples

Counter electrode Pt rod

Reference electrode SCE

Applied voltage 10V
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Table 2. The condition of potentiodynamic test

Solution 0.9 NaCl
Working electrode | Samples
High density

Potentiodynamic | Counter electrode graphite electrode

test
Reference electrode | SCE

Scan rate 1.667 mV/s

36.5£1°C

Temp.

Energy )

Fig. 3. FE-SEM micrographs and EDS peaks showing
the morphology of bone plates. (a) low magnifi-
cation (X1000), (b) high magnification (X5000),
(c) EDS.

yeluleh. AAH T 1YW F
SI3L wh$ gl Bl e Ewlo
o og 22N} vF FYHAeH AR
PolHee & & Aotk olgd 22

A QI o] ot F3ls 45U &5
sk 4= Qlo] o]2 9 =
AFAE YT = Ut THNA EDSEA]

o
Moo Jo

j‘;_l‘
H
K
034.{
(
%
o {
o,
ol
K
¥9
rr
=
>
N}
B

32 = 3lg L-RE SME 2 1dE 7H
I3 4= & 24 W 1 M H;PO,+0.6 wt %
NaF AajfS A =x3ske] 10 VoA 1208 E<F 4=
ksl A2l g gk & FARAERF o2 AEgk A
olty, & AT HA THAM FdsA Z I
AEAS & F Aok F HH s AoA G54t
sholl gJsl] mA7]Fo] 3] FAAHJSS & T
UATHZHE 4(a)). 2L W= #2sE A3}, g5
EREE 939 FHE /A UeFE AAEL
=

°F 150~180 nmE YEFATHZE 4(b)). T3 V=i
Bl wall F7= ¢F 20 nmo|™ Y=FES} et
B 2pole] 7HAL ¢F 50 nmE UER T YeRFE
o] A7 Mz g7l FFE HAH 40 nme]
el ArlellXe = d%e] 243tHy O B &
A7IME At B2 = e W Aed
At olefdk HA o] M =] AW, AL, pH,
F o]&9] &%, RFEHIYANZE Fol F7)



28 A7) 9/ =R

3] 43 (2010) 25-30

Fig. 4. FE-SEM showmg the top-view images of nanotube
formed on the bone plate surfaces at 10V for
120 min. in 1 M H;PO, + 0.6 wt % NaF solution
at 25°C. (a),(c) low magnification (X1000) and
(b),(d) high magnification (X100000).
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Fig. 5. Anodic polarization curves of bone plates after
potentiodynamic test in 0.9% NaCl solution at
36.5+1°C. (a) as-received, (b) nanotube formed.
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Table 3. Corrosion potential (E..), corrosion current
density (lor), current density (lsgomvisce).
primary passive potential (Eg) and primary
passive current density (l,,) of nanotube
surface formed on the bone plate after
potentiodynamic test in 0.9 % NaCl solution

at 36.5£1°C
Data As-received Nanotube formed
Leor (A/cm?) 1.704x10° 1.624x10°
Loomviscr) (A/em?) 3.901x10™* 6.630x10”
Ecor (mV) —440 -1050
I, (Alem’) 5.502x10™* 8.698x10°”
E,, (mV) 100 —630

(e) ...
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Fig. 6. FE-SEM micrographs and EDS peaks showing
the corrosion morphology of bone plates after
corrosion test in NaCl solution at 36.5+1°C.
(a@),(c) low magnification (X2000), (b),(d) high
magnification (X5000), (e) EDS.
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Fig. 7. FE-SEM micrographs showing the corrosion
morphology of nanotube formed bone plates
after corrosion test in NaCl solution at 36.5+1°C.
(a) low magnification (X1000), (b) high magnifi-
cation (X30000), (c) EDS.
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