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Abstract The effect of anodizing on corrosion resistance
of Ti—xHf alloys has been investigated. Ti—xHf alloys were
prepared and anodized at 120, 170 and 220 V in 1 M
H3PO, solution, and crystallized at 300 and 500°C. Cor-
rosion experiments were carried out using a potentiostat in
0.15 M NaCl solution at 36.5 £ 1°C. The Ti—xHf alloys
exhibited the o and anatase phases. The pore size on the
anodized surface increases as the applied voltage is
increased, whereas the pore size decreases as the Hf con-
tent is increased. The anodized Ti—xHf alloys exhibited
better corrosion resistance than non-anodized Ti—xHf
alloys.

1 Introduction

Pure titanium and titanium alloys are widely used to
replace failed hard tissues such as artificial hips, and
shoulder and knee joint, as well as dental implants, due to
their excellent specific strength, corrosion resistance and
biocompatibility. The currently used CP (commercially
pure) titanium and the Ti—-6Al-4V alloy do not have suf-
ficient strength for some clinical applications. Moreover,
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when titanium alloys are used in dental applications, ele-
ments that are incorporated in titanium should not
adversely affect its corrosion behavior in the oral envi-
ronment [1-3]. However, in the case of the Ti—-6Al-4V
alloy, the dissolution of vanadium ions from the implant
surface have been known to cause serious health problems
and adverse tissue reactions [4], while the aluminum ions
have been associated with potential neurological disorders
[5, 6]. In addition, long-term experiences indicate that the
Ti—6Al-4V alloy transfers insufficient load to the adjacent
remodeling bone, which may result in bone resorption and
eventual loosening of the prosthetic devices [5, 7]. In order
to overcome these disadvantages and to achieve better
performance in terms of mechanical properties and bio-
compatibility, new Ti alloys containing non-toxic and non-
allergic secondary elements such as Nb, Ta, Zr, Hf, Mo,
and Sn have been developed [8—12]. The element hafnium
belongs to the same group as that of titanium in the peri-
odic table; hence an alloy of titanium with hafnium would
be expected to demonstrate good corrosion resistance
characteristics. Also, the Ti—xHf alloy system does not
form any intermetallic compounds, which is important for
good corrosion resistance [13—15]. However, to the best of
our knowledge there are only a few reported studies on the
corrosion resistance of Ti—xHf alloys. In fact, knowledge
about the effect of Hf content on the corrosion resistance of
Ti alloys is very limited [15].

The electrochemical anodization process provides an
effective surface coating technology for titanium alloys
because large-area coatings can be achieved with good
mechanical adhesion. Since the thin titanium oxide surface
film is chemically bonded to the titanium alloy substrate,
the electrical conductivity of the specimen being anodized
is good. However, the limited thickness of anodic pores in
the TiO, layer must be adjusted by controlling the anodic
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conditions [16-23]. Anodic oxidation of titanium has been
widely used for surface modification of bio-implants
because of many advantages. The fabrication of porous
titanium oxide films through dielectric breakdown provides
improved film adhesion to the substrate metal, and helps in
achieving high-quality films by varying the electrolytes,
temperature, alloying element, voltage, current density and
time [24, 25]. Also, anodizing can be used to increase the
oxide thickness to improve corrosion protection and to
decrease ion release [26]. There has been one report on the
corrosion behavior of anodized Ti—xHf alloys [12], and this
report suggested the present study of the corrosion of
anodized Ti-Hf alloys.

This paper presents a study of the effect of anodizing on
the corrosion behavior of Ti—xHf alloys, using electro-
chemical methods.

2 Experimental

Four Ti—xHf binary alloys, with Hf contents ranging from
10 to 40 wt% (in 10 wt. % increments) were prepared using
CP titanium (G&S Titanium, Grade 4, USA) and hafnium
(Kurt J. Lesker Company, 99.95 wt. % purity, USA). The
Ti—xHf alloys were prepared from the component metals,
using a vacuum arc-melting furnace (SVT, Korea) with a
water-cooled copper hearth and a high-purity argon atmo-
sphere. The sponge Ti that formed was initially melted in a
chamber which served as an oxygen scavenger to minimize
the residual oxygen level before the weighed charges of Ti
and Hf were subsequently melted to prepare each alloy
ingot. The Ti—xHf ingots were remelted at least six times in
order to avoid inhomogeneity, and then homogenized in a
furnace (Model MSTF-1650, MS Eng, Korea) for 24 h at
1000°C in an Ar atmosphere, followed by quenching in
0°C water.

Cylindrical specimens (diameter 10 mm, thickness
5 mm) were cut from cast ingots of the Ti—xHf alloys,
mechanically polished with 600 grit SiC and 1 pm Al,O3
slurry, degreased by ultrasonic cleaning in acetone, and
dried in air. Platinum was polished similarly to serve as the
counter electrode in an electrochemical cell. All anodiza-
tion experiments were performed at room temperature in a
standard glass cell. Pores were formed on the Ti—xHf alloy
surface by anodizing (KDP-1500 DC power supply, Korea)
at potentials of 120, 170, and 220 V for 10 min. The
electrolyte with 1.0 M H3;PO,, which was prepared from
reagent grade chemicals and distilled water, was stirred
during anodization. Then, the anodized samples were
rinsed in distilled water and acetone, and dried in air.
Crystallization heat treatments of the anodized surfaces
were performed in an Ar atmosphere at 300 and 500°C for
1 h
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The phases on the anodized surfaces were determined by
an x-ray diffractometer (XRD, Philips, X‘pert PRO) using
Cu Ko radiation. The surface morphology was observed
with a field emission scanning electron microscope (FE-
SEM, Hitachi 4800, Japan).

The corrosion behavior of the Ti—xHf alloys was
investigated with a standard three-electrode cell having the
alloy specimen as a working electrode and a high density
carbon counter electrode. The potential of the working
electrode was measured against a saturated calomel elec-
trode (SCE), and all of the measured potentials were ref-
erenced to this electrode. The corrosion properties of the
specimens were examined by the potentiodynamic polari-
zation test method (potential range of —1500 to 2000 mV:
SCE) at a scan rate of 1.67 mV/s in 0.15 M NaCl solution
maintained at 36.5 & 1°C (PARSTAT 2273, EG&G,
USA). An initial conditioning treatment for each sample
was performed cathodically at —1500 mV (SCE) for
10 min before the corrosion test. The corrosion data
including the corrosion current density (I..,) were obtained
from the polarization curves using Tafel plots on the linear
portion of the cathodic and anodic branches near zero
current density.

3 Results and discussion

Figure 1 shows XRD patterns from the Ti—(10, 20, 30 and
40 wt%) Hf alloys after the heat treatment in an Ar
atmosphere for 24 h at 1000°C. The peaks were identified
using the JCPDS diffraction data for Ti and Hf powder
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Fig. 1 XRD patterns for heat treated Ti—xHf alloys in Ar atmosphere
for 24 h at 1000°C
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Fig. 2 XRD patterns of anodized Ti—xHf alloys at 170 V (a) and
220 V (b)

standards. It can be seen that the principal reflections
occurred from the (002) and (101) atomic planes from o’'-Ti
at 20 values of 38.48 and 40.17°, respectively. Peaks from
the hafnium solid solution phase were also present, and
became more prominent with increasing Hf content. It has
been reported that Ti—-Hf alloys undergo phase transfor-
mation resulting in the formation of an hcp phase [12, 15,
27].

Figures 2, 3, and 4 summarize the XRD results for the
Ti—xHf alloys after anodization at different applied
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Fig. 3 XRD patterns of crystallized Ti—xHf alloys at 300°C after
anodizing at 170 V (a) and 220 V (b)

voltages and heat treatment (crystallization) temperatures.
Figure 2a, b present XRD patterns from the Ti—xHf alloys
anodized at 170 and 220 V, respectively. Only o'-Ti peaks
were observed for all the samples, and no TiO, anatase
peaks were present because of the amorphous oxide
structure on the anodized surfaces. Figure 3a, b show the
XRD patterns from the Ti—xHf alloys anodized at 170 and
220 V, respectively, followed by crystallization heat
treatment in an Ar atmosphere for 6 h at 300°C. Figure 4a,
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Fig. 4 XRD patterns of crystallized Ti—xHf alloys at 500°C after
anodizing at 170 V (a) and 220 V (b)

b shows the XRD patterns from the Ti—xHf alloys anodized
at 170 and 220 V, respectively, followed by crystallization
heat treatment in an Ar atmosphere for 6 h at 500°C. The
o/ -Ti phase, Hf solid solution and anatase form of TiO, are
evident in Figs. 3a, and 4a. In contrast, the o-Ti phase, Hf
solid solution phase, anatase and the rutile form of TiO,
can been seen in Figs. 3b, 4b, respectively. The o/-Ti peaks
from the crystallized samples in Figs. 3a, b and 4a, b had
lower intensity than those from the amorphous oxide
samples in Fig. 2a, b. The rutile TiO, peaks were detected
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in the crystallized samples shown in Fig. 4a, b that had
been heat treated in an Ar atmosphere at 500°C following
anodization. The intensities of the o/-Ti peaks were
decreased with higher anodization voltage and subsequent
heat treatment (crystallization) temperature. Moreover, the
crystallized samples exhibited predominantly anatase
peaks. It is well known that TiO, has three crystal struc-
tures; anatase, rutile and brookite. The anatase form is
considered to be superior for biomedical applications
because of a more reactive nature compared to rutile and
brookite [28], and it can be formed preferentially by
anodization under the appropriate conditions of applied
potential and crystallization heat treatment [28].

Figure 5 shows the microstructures of the Ti—(10, 20, 30
and 40 wt%) Hf alloys after homogenization heat treatment
at 1000°C for 24 h in an Ar atmosphere followed by
quenching in water at 0°C. All of these samples had a
martensitic type of structure. The structures of the Ti—10Hf
and Ti—20Hf alloys were more of the lamellar type, while
the Ti—-30Hf had complex microstructure consisting of both
lamellar and needle-like constituents. The Ti—40Hf alloy
had a fine needle-like microstructure without the broader
lamellae. It was evident that the lamellar microstructure
was altered to a needle-like microstructure with increasing
Hf content.

Figure 6 shows FE-SEM images of the anodized sur-
faces of the Ti—xHf alloys, and in particular the effects of
the anodizing voltage in creating surface porosity. The
anodization process caused porous surfaces to form on the
Ti—xHf alloys in 1.0 M H3PO, solution when constant cell
voltages of 120, 170 and 220 V were applied for 10 min.
The pore sizes ranged from approximately 300 nm to
1 pum, and the homogeneity of the pore distribution across
the titanium alloy surface was found to depend on the Hf
content and anodizing voltage. The samples anodized at
120 V exhibited less surface porosity when compared to
the samples anodized at 170 and 220 V. However, the Ti—
40Hf alloy anodized at 120 V formed a nonporous surface
film. For all of the Ti-Hf alloys, the pore size was
dependent on the anodizing voltage. The Ti—10Hf and Ti—
20Hf alloys exhibited the most homogeneous porous
structures. Higher contents of Hf in the titanium alloys
resulted in a nonuniform porous structure with fewer pores.
In particular, for the Ti—-40Hf alloy anodized at 220 V, the
largest porous structures had a crater-like appearance and
were formed in a relatively small area, presumably because
Hf has excellent corrosion resistance when alloyed with Ti
[12, 13, 15, 28]. It was conjectured that a spark discharge
process acted to create a higher current density on the
surface of the Ti—40Hf alloy during the anodizing process
than occurred for anodizing of the Ti—10, 20, and 30Hf
alloys [28]. Therefore, for the Ti—10Hf and Ti—20Hf alloys,
homogeneous porous structures were easily formed on the
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Fig. 5 FE-SEM images of Ti—xHf alloys after heat treatment at 1000°C for 24 h in Ar atmosphere, followed by 0°C water quenching:
a Ti—10Hf; b Ti—20Hf; ¢ Ti-30Hf; and d Ti-40Hf
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Fig. 6 FE-SEM images of Ti—xHf alloys with varying applied voltage (120, 170, and 220 V) and Hf content (10, 20, 30, and 40 wt%):
a Ti-10Hf; b Ti-20Hf; ¢ Ti-30Hf; and d Ti—40Hf
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Fig. 7 Anodic polarization curves of Ti—xHf alloys, pure Ti and pure
Hf after potentiodynamic testing in 0.15 M NaCl solution at
36.5 £ 1°C

anodized surface when compared to the Ti-30Hf and
Ti—40Hf alloys.

Figure 7 shows the potentiodynamic polarization curves
for pure Ti, pure Hf, and the Ti—xHf alloys in 0.15 M NaCl
solution at 36.5 £ 1°C. The corrosion potentials (E.q) of
pure Ti and pure Hf were —467 mV (SCE) and —700 mV
(SCE), respectively, and the corrosion current densities
(Icorr)y of pure Ti and Hf were 1.15 x 1077 and
1.94 x 107° A/em?, respectively. From the polarization
curves, pure Ti has superior corrosion resistance compared
to pure Hf. Pitting corrosion behavior was observed in the
anodic polarization curve of pure Hf at 500 mV (SCE). It is
thought that HfO, film was easily broken down by Cl™ ions
at the site of surface defects such as scratches, grooves, and
ridges [15], as well as the needle-like structure shown in
Fig. 5. The anodic polarization curves were shifted to the
left and upward with increasing Hf content in the Ti—xHf
alloys. The values of E, for the Ti—10Hf and Ti—40Hf
alloys were —560 mV (SCE) and —430 mV (SCE),
respectively, and the values of I, for Ti—-10Hf and Ti—
40Hf alloys were 1.10 x 1077 and 2.89 x 10~7 A/cm?,
respectively. The Ti—xHf alloys had good corrosion resis-
tance, and pitting corrosion behavior was not apparent in
the anodic polarization curves of the Ti—xHf alloys. Thus
Hf can contribute to the corrosion resistance when it is
alloyed with Ti, since the Ti—xHf alloys form isomorphous
systems. The absence of intermetallic compounds in these
alloys enhance their corrosion resistance [12, 13]. As a
result, the highest corrosion potential and stable passive
region of the Ti—40Hf alloy are attributed to the incorpo-
ration of Hf providing excellent corrosion resistance. The
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observation that Ti—xHf alloys exhibit better corrosion
resistance than pure Ti and pure Hf suggests that the pas-
sive film containing a mixture of TiO, and HfO, is more
stable and stronger than the passive films of TiO, and HfO,
that form on pure Ti and pure Hf [15]. Pure hafnium is used
in the nuclear industry because of its superior corrosion
resistance, and Hf undergoes nodular corrosion to form
HfO, [12, 13].

It is well known that the corrosion resistance of metals
and alloys is greatly influenced by the electrolyte compo-
sition, temperature, microstructure, and alloying elements
[29]. In the present study, there are no pronounced differ-
ences in the microstructures of Ti—xHf alloys, but the
improvement in corrosion resistance of Ti—xHf alloys is
confirmed to be a function of Hf content. For the potential
found in the oral environment (at 300 mV), the current
densities of the Ti—10Hf and Ti—40Hf alloys were
1.32 x 1077 and 5.56 x 1077 A/em?, respectively. The
present results show that the Ti—40Hf alloy exhibit superior
corrosion resistance compared to the Ti—10Hf alloy. From
Fig. 7, it can be seen that the Ti—40Hf alloy had higher
values of E.., and lower values of I..,, compared to the
other Ti-Hf alloys in the 0.15 M NaCl solution. The
Ti—xHf alloys were characterized by wide passive regions
with nearly constant values of passive current density,
indicating that their corrosion rates were in steady state and
that the passive films formed on their surfaces were stable
[15]. The passive current density for the Ti—40Hf alloy was
lower than that for the Ti—10Hf alloy in the 0.15 M NaCl
solution. Moreover, at the potential of the oral environ-
ment, all of the Ti—xHf alloys exhibited very stable passive
film formation. The passivation regions of the Ti—xHf
alloys presented higher values of current density with in-
ceasing Hf content.

Figures 8, 9, and 10 show the polarization curves in the
0.15 M NaCl solution at 36.5 £ 1°C for the Ti—xHf alloys
anodized in 1.0 M H3PO, solution at cell voltages of 120,
170, and 220 V for 10 min, respectively. It was found that
the anodic polarization curves were shifted to the left with
increasing anodizing voltage. The values of E, for Ti—
10Hf and Ti—40Hf anodized at 120 V was —560 mV (SCE)
and —410 mV (SCE), respectively, whereas the corre-
sponding values of I, for these alloys anodized at 120 V
was 7.23 x 107" and 1.94 x 1077 A/cm?, respectively. It
was found that the anodized Ti—xHf alloys had superior
corrosion resistance compared to the non-anodized alloys.

The current density in the transpassive region (about
1000 mV) was increased due to the oxygen evolution reac-
tion (QH,0 —» O, +4H' +4e~ or 40H — O, +
2H,0 + 4e") on the microporous surface as shown in Fig. 8.
Additionally, the micropores were attacked by Cl™ ions in
the electrolyte. The chloride solution strongly promotes the
anodic dissolution in the micropores formed on TiO,, and
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Fig. 9 Anodic polarization curves of Ti—xHf alloys anodized at
170 V after potentiodynamic testing in 0.15 M NaCl solution at
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thus the transpassive potential decreased with anodization
potential for the Ti—xHf alloys due to the resulting large
pores. The Cl™ ions can migrate into the pores and across
the passive oxide film in parallel with the oxide ions. When
the chloride ions reach the metal-passive film interface, the
metal chloride is formed. Metal chlorides play a major role in
the fracture of oxide films depending on the amount of
accumulated metal chloride [15].
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Fig. 10 Anodic polarization curves of Ti—xHf alloys anodized at
220 V after potentiodynamic testing in 0.15 M NaCl solution at
36.5 + 1°C

It is evident that the anodized Ti—xHf alloys have lower
I.orr and higher E.,, than those of the non-anodized Ti—xHf
alloys. The anodized Ti—xHf alloys had good in vitro
corrosion resistance (higher E ., and lower I.,,), which
improved with increasing anodized voltage. The anodized
Ti—40Hf alloy has the highest value of E,,, and the lowest
value of 1., compared to the other Ti—xHf alloys, and the
Ti—40Hf alloy anodized at 220 V had the highest corrosion
resistance. It was thought that the Ti—xHf alloys anodized
at 220 V had thicker oxide layers than the Ti—xHf alloys
anodized at 120 and 170 V. The increase in corrosion
resistance for these binary titanium alloys with increasing
Hf content is attributed to the thick passive film, such as
TiO, and HfO,, formed on the alloy surface by the anod-
izing treatment. A thick passive film should restrict the
movement of metal ions from the metal surface to the
solution and thus minimize corrosion of the Ti—xHf alloy
[29-31].

Table 1 shows the transpassive and pitting potentials
measured from the anodic polarization tests for the anod-
ized Ti—xHf alloys. As shown in Table 1, all of anodized
Ti—xHf alloys had pitting potentials. The transpassive
potential (E.,,s) of anodized Ti—10Hf at 120 V anodizing
voltage was about 1070 mV (SCE), whereas E,,,s at 170 V
was about 290 mV and about 40 mV (SCE) at 220 V. The
value of Eq.,s for anodized Ti—40Hf at 120 V was about
930 mV (SCE), whereas E..,s at 170 V was about 510 mV
and E. ., at 220 V was about 320 mV (SCE). With
increasing amount of Hf, there was an increase in the
transpassive potential of the Ti—xHf alloy. The addition of
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Table 1 Values of corrosion potential (E, vs. SCE), pitting
potential (Ep; vs. SCE), corrosion current density (I.o) and current
density I3 at 300 mV (potential of oral environment), obtained from

potentiodynamic polarization curves of Ti—xHf alloys, pure Ti, pure
Hf and anodized Ti—xHf alloys by applying voltage in 0.15 M NaCl
solution at 36.5 + 1°C

Property Ti-10Hf Ti—20Hf Ti-30Hf Ti—40Hf Pure Ti Pure Hf
Non treatment Ecorr (mV) —560 —500 —400 —430 —467 —700

Eirans(mV) - - - - - -

Epie (mV) - - - - - 500

Ba (mV/dec) 612.3 5229 170 628.2 1018.6 1486.0

Be (mV/dec) 565.9 2215 1144 119.1 182.3 479.2

Lo (A/cm?) 1.10 x 107 243 x 1077 1.84 x 1076 2.89 x 1077 1.15 x 1077 1.94 x 1076

Isg0 (Alcm?) 132 x 1073 5.99 x 107 5.0 x 107 5.56 x 1077 7.22 x 1077 1.96 x 1073
120 V anodized Ecorr (V) —560 —550 -390 —410 - -

Egans (MV) 1070 - - 930 - -

Epi (mV) - - - - - -

Pa (mV/dec) 335.0 534.2 856.4 831.0 - -

Pe (mV/dec) 138.0 162.4 222.1 191.3 - -

Lo (A/cm?) 7.23 x 1077 5.27 x 1077 2.39 x 1077 1.94 x 1077 - -

Lsgo (Alcm?) 6.76 x 1077 5.50 x 1077 2.80 x 1077 1.90 x 107’ - -
170 V anodized Ecorr (mV) —750 —560 —600 —460 - -

Eirans (MV) - - - - - _

Epie (mV) 290 450 500 510 - -

Pa (mV/dec) 601.8 1322.1 1133.0 2412.6 - -

Be (mV/dec) 187.9 193.8 307.1 261.1 - -

Lo (A/cm?) 3.95 x 1077 1.85 x 1077 9.34 x 1077 1.12 x 1077 - -

Is00 (Alcm?) 8.24 x 1077 3.96 x 1077 5.00 x 1077 1.97 x 1077 - -
220 V anodized Ecorr (mV) —740 —560 —520 —410 - -

Eitans (MV) - - - - - -

Epic (mV) 40 - - 320

Pa (mV/dec) 2631.4 755.4 1114.1 632.4 - -

Pe (mV/dec) 459.1 573.4 416.8 497.8 - -

Lo (A/cm?) 1.84 x 1077 4.46 x 1077 1.79 x 1077 212 x 107° - -

Is00 (Alcm?) 7.78 x 1077 259 x 107° 1.15 x 107 2.05 x 1078 - -

Hf accelerated the formation of the passive film, which
provided protection against attack by the CI~ ions and
resulted in increased corrosion resistance. In contrast, as
the anodizing voltage increased, the transpassive potential
also decreased. It was considered that the large pore for-
mation occurring on the anodized surfaces resulted in
lower corrosion resistance and led to greater surface attack
by the Cl™ ions as shown in Fig. 6.

The mean values of corrosion potential (Eo vs. SCE),
transpassive potential (Ey.,s vs. SCE), pitting potential
(Epie vs. SCE), corrosion current density (I.or), anodic
Tafel slope (f3,), cathodic Tafel slope (f.), and current
density at 300 mV (the potential of oral environment) that
were obtained from the polarization curves such as those
shown in Figs. 7, 8, 9, and 10 are summarized in Table 1.
The Tafel extrapolations on the polarization curves are
commonly used for the measurement of corrosion current
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density. If the cathodic Tafel slope is extrapolated to the
corrosion point, the corrosion rate, i.e., the corrosion cur-
rent density (I.o), can be obtained by the mixed potential
theory. Then the f, and f. constants of the polarization
resistance (R;,), which can be the key factor for calculating
Ieors can also be obtained. [32]. For the extrapolation
process, the straight line for I, should be over an order of
magnitude for current density to ensure accuracy.
However, in this study, it was very difficult to get the
corrosion current density because there is only a small
linear region in the anodic portion of the polarization plot
due to the formation of dense passive surface oxides by the
anodization process. Nevertheless, reasonable estimates of
corrosion current density are possible despite the limited
Tafel behavior, and the values of corrosion current density
(Icorr) could be determined from the point of intersection
between the corrosion potential line and the cathodic
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branch of the polarization curve. To obtain the steady state
polarization curve, which shows the correct corrosion
reaction, the potentiodynamic polarization tests were only
performed when the open circuit potential showed a con-
stant value with time.

From this study, we have presented evidence that the
anodized Ti—xHf alloys having high corrosion resistance
and porous surface morphology are suitable for biomedical
applications.

4 Conclusions

All of the anodized Ti—xHf alloys exhibited XRD peaks for
the o/-phase of Ti, while no peaks of the anatase form of
TiO, were detected. After a crystallization heat treatment
at 300°C, the surfaces of the Ti—xHf alloys were composed
of o/-Ti and anatase phases. When the anodized Ti-xHf
alloys were subjected to crystallization heat treatment at
500°C, their surfaces were composed of both the anatase
and rutile forms of TiO,. The relative amount of o'-Ti
observed in the XRD patterns decreased as the applied
voltage and crystallization temperature increased. The
XRD peaks of anatase and rutile that appeared after crys-
tallization heat treatment for the anodized specimen
appeared predominantly with decreasing Hf contents for
the binary Ti—xHf alloys.

Microstructural observations revealed that the surfaces
of the anodized Ti—10Hf and Ti—20Hf alloys contained
more pores compared to the Ti-30Hf and Ti—40Hf alloys.
For the non-anodized Ti—xHf alloys, the lamellar micro-
structure was transformed to a needle-like microstructure
with increased Hf content. For the anodized Ti—xHf alloys,
pores with sizes ranging from approximately 300 nm to
1 um were distributed over the surfaces, with their homo-
geneity depending on the Hf content and anodizing voltage.
The pore diameter increased with the applied voltage for
anodizing, and the most regular array of larger diameter
pores was formed on the Ti—20Hf alloy anodized at 220 V.

The potentiodynamic polarization test results showed
that the anodized Ti—xHf alloys have lower corrosion
current density (I.o;) and higher corrosion potential (Eco)
than the non-anodized Ti—xHf alloys. The anodized Ti—
40Hf alloy had the highest corrosion potential (E..,) and
lowest corrosion current density (I...), which is attributed
to the excellent corrosion resistance resulting from the
presence of hafnium. The transpassive potential of the
anodized Ti—xHf alloys increased with the Hf content, and
as the anodizing voltage increased, the transpassive
potential decreased.
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