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Corrosion resistance of Ti and Ti—Pd alloy in
phosphate buffered saline solutions with and without H,O, addition

P. HANDZLIK, K. FITZNER

Faculty of Non-Ferrous Metals, AGH University of Science and Technology,
30 Mickiewicza Ave., 30-059 Cracow, Poland

Received 24 February 2012; accepted 5 July 2012

Abstract: Corrosion resistance of pure titanium (Grade 2) and Ti—Pd alloy (Grade 7) was studied using the electrochemical
techniques of potentiodynamic measurements and electrochemical impedance spectroscopy (EIS). Measurements were performed at
the temperature of 36.6 °C in two solutions: PBS solution with pH of 7.4 simulating conditions of healthy human body, and PBS
solution with pH of 5.2 and with the addition of hydrogen peroxide (0.015 mol/L) simulating the inflammatory state. It is found that,
Ti Grade 7 can be a good candidate as a material for orthopedic implant application, because its corrosion resistance in the PBS

solution containing H,0, is better (lower corrosion current densities) than that of pure titanium.
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1 Introduction

Titanium and its alloys are one of the most
important materials for orthopedic (articular prostheses,
osteosynthesis  plates, and screws) and dental
applications (crown and bridge) [1]. Titanium exhibits a
very good corrosion resistance in various media: acid,
alkali, organic compounds, etc. This remarkable
resistance is because of the passive oxide film formed
instantaneously on the surface of titanium in air or in
most aqueous solutions. The physicochemical and
electrochemical properties of the oxide film and its
long-term stability in biological environments are
decisive factors for biocompatibility of titanium and its
alloys. The adverse body reaction to the implant is due to
the metallic ions released by the implant. The amount of
ions released depends on the corrosion rate. For this
reason, studies on the corrosion and passivity of implants
in various media which simulate fluids of human body,
i.e.,, Ringer’s solution [2,3], phosphate-buffered saline
solution [4—6], artificial saliva [6—8], Hank’s solution,
[7,9] have been performed.

Alloying titanium with another element is the
method to increase the mechanical properties of this
metal for medical implants application [10—12].

However, there are also titanium alloys with addition of
noble elements which increase corrosion resistance of
these materials [13,14]. The improvement in corrosion
resistance resulting from the addition of noble metals is
based on the principle of cathodic modification which
consists in enhanced hydrogen evolution on the alloy
surface. This effect raises the cathodic polarization curve
above the critical active anodic current so that it
intersects the anodic curve at a higher potential in the
passive region, and the final corrosion rate is lower than
that of pure metal [15]. Titanium—palladium alloys with
nominal palladium contents of about 0.2% Pd are used in
applications requiring excellent corrosion resistance in
chemical processing or storage applications, where the
environment is mildly reducing or fluctuates between
oxidizing and reducing. In a few works, the
titanium—palladium alloy was studied as a promising
material for implants. It is known that adding small
amount of Pd and other platinum group metals to
titanium causes an increase of their corrosion resistance
in many media, particularly acids [16—19]. The
investigations of the corrosion resistance of Ti—Pd alloys
(especially Ti, Grade 7) provide interesting information
about electrochemical behavior in different environments.
SATOH et al [20] studied crevice corrosion of Ti—Pd
alloys and another titanium alloys in chloride solutions
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at elevated temperatures. The results of this work showed
superior corrosion resistance of Ti Grade 7 alloy in
comparison with Ti Grade 2 (commercially pure Ti).
Authors suggested that this alloy can be used for vessels
in the chemical industries, for heat transfer tubes in
steam turbine condensers, and in desalination plants. Ti
Grade 7 is nowadays widely used in nuclear waste
repository environments, so one can find information
about problems of corrosion resistance of this alloy
under these conditions.

BROSSIA and CRAGNOLINO [21] examined the
effects of chloride concentration, fluoride concentration,
pH, temperature, and the weldments on the corrosion
behavior of Ti—0.15%Pd (Ti Grade 7) alloy. The results
showed that, even at elevated temperatures (165 °C), the
passivity breakdown and repassivation potentials were
well above 1 V (vs SCE) in a solution containing 4 mol/L
Cl'. Fluoride addition to CI” solutions resulted in a
significant increase in the potential-independent anodic
current density, which was several orders of magnitude
greater than typical passive current densities. They also
examined the effects of palladium additions on the
localized and uniform corrosion of titanium by
comparing the corrosion behavior of Ti Grade 2 with Ti
Grade 7 [22]. The pitting and repassivation potentials for
Ti Grade 2 were significantly lower than the potentials
for Ti Grade 7 in the same chloride solutions. It was
observed that Pd addition has significant effects on the
localized corrosion resistance, but did not reduce the
damaging effect of fluoride. HUA et al [23] have
presented the review of corrosion performance of Ti
Grade 7 and other relevant Ti alloys (Ti Grade 2, 5, 9, 11,
12, 16, 17 and 18) under waste repository conditions. In
that work, general corrosion, localized corrosion, stress
corrosion  cracking,  microbiologically  influence
corrosion and radiation-assisted corrosion  were
considered. It was concluded that the drip shields made
of Ti Grade 7 will not suffer from any of earlier
mentioned type of corrosion for 10000 years.
VAUGHAN and ALFANTAZI [24] studied the corrosion
behavior of titanium alloys (Grade 1, 2—pure Ti, Grade
7—Ti0.15Pd, Grade 12—Ti0.3M00.8Ni, and Grade 18—
Ti3A12.5V0.05Pd) in sulfuric acid and the effect of the
addition of chlorides because of the application of these
materials as the liner and internal components of
autoclaves during the high-pressure acid leaching of
nickel laterite ores. From the thermodynamic analysis, it
was found that the presence of SO  and CI ions
lessen the region of stability of the passive titanium film.
Immersion tests revealed that alloying with Pd enhances
the corrosion resistance of Ti significantly; also, higher
concentration of Pd in Ti results in lower corrosion rate.

The problem of the application of the Ti—Pd alloy as
a biomaterial was analyzed only in a few works.

RAMIRES and GUASTALDI [25] studied the
electrochemical behavior of Ti—Pd and Ti—6Al-4V
alloys in a 0.9% NaCl solution by using single triangular
potential sweep, potentiodynamic polarization curves
and electrochemical impedance spectroscopy (EIS). The
results of experiments indicate that the alloying element
has an effect on the corrosion resistance of titanium in
the NaCl solution. The complicated corrosion
mechanism can be interpreted at least one electro-
dissolution process and the posterior formation of a
corrosion films. The results from EIS indicate that the
corrosion layer is formed by different mechanisms on
each alloy. NAKAGAWA et al [26] investigated the
corrosion of pure titanium, Ti6Al4V and Ti6Al7Nb
alloys, and experimental alloys Ti—(0.1%—2.0%)Pt and
Ti—(0.1%—2.0%)Pd using anodic polarization and
corrosion potential in aerated and
deaerated artificial saliva containing 0.2% NaF solution.
The surfaces of the Ti—Pt and Ti—Pd alloys were not
affected by an acidic environment with fluoride, but the
surfaces of pure titanium, Ti6Al4V alloy, and Ti6Al7Nb
alloy were markedly roughened by corrosion. Authors
suggested that the new Ti—Pt and Ti—Pd alloys are
expected to be used in dental work. However, in the
work of YOKOYAMA et al [27] the fracturing of
Ti—0.2Pd alloy in acidic and neutral fluoride solutions by
a sustained tensile-loading test was considered. In 2.0%
acidulated phosphate fluoride (APF) and neutral 2.0%
NaF solution, the time to fracture the Ti—0.2Pd alloy is
shorter compared with commercial pure titanium for the
same applied stress. It was concluded that the
susceptibility to fracturing of Ti—0.2Pd alloy is higher
than that of commercial pure titanium in earlier
mentioned solutions, and the corrosion behavior of this
alloy is very sensitive to the applied stress.

Although most in vitro studies show that oxide layer
on titanium and its alloys after 30—60 d of immersion in
artificial physiological solutions has a few nanometers
[28,29], some clinical observations deny this fact. It
seems that the oxide layer can interact with the body
fluids and as a result of this interaction it can grow. It
was found by MCQUEEN et al [30] that the thickness of
the oxide layer on titanium implants placed in human
body may reach values above nanometric scale after few
years. Additionally, there exists an evidence that Ti is
released into and accumulated in tissues neighboring to
implants [5]. Accumulation of Ti in tissues adjacent to
the implant could not be connected only with wear
process [31]. TENGVALL et al [32,33] suggested that
possible explanation of the high corrosion rate of Ti in
vivo consisted in the inflammatory response caused by
the surgical trauma after implants inserting into the
living tissues. During the wound healing process, pH
values of tissues adjacent to implant may decrease to 3.5

measurements
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[34]. During the inflammatory state, the hydrogen
peroxide is produced by bacteria and leucocytes.
Hydrogen peroxide is dismuted from superoxide O,
(free radical) in mitochondrion [35]. H,O, may be a
driving force for the enhanced titanium oxide dissolution
and growth. PAN et al [5,36,37] investigated titanium
exposed to a phosphate buffered saline (PBS) solutions
without and with 100 mmol/L H,0, addition respectively.
They found that H,O, addition led to a significant
decrease in corrosion resistance of titanium. FONSECA
and BARBOSA [38] studied the -electrochemical
behavior of Ti in PBS solutions with and without 50 or
150 mmol/L of H,O, using electrochemical impedance
spectroscopy (EIS) for 3 weeks. After 1 week, the
PBS/H,0, solution was replaced by fresh PBS solution
in order to simulate the end of the inflammatory process
and recovery of the system. They concluded that the
corrosion resistance of titanium is strongly affected by
the presence of H,O,. When the peroxide is removed, the
metal displays a sharp resistance increase. MABILLEAU
et al [39] confirmed that hydrogen peroxide causes a
significant corrosion of titanium surface. They used
atomic force microscopy (AFM) and scanning electron
microscopy (SEM) to investigate the corrosion resistance
of titanium disks after 9 d immersion in different
solutions based on artificial saliva containing F~ (0.5%
and 2.5%), H,O, (0.1% and 10%) and/or lactic acid.
Recently, ASHWORTH et al [40] reported the method of
fabrication of Ti-alloy parts with enhanced corrosion
resistance. Commercial purity Ti powders modified with
Pd were hot-pressed and compacted. For obtained
materials the effect of powder size on the corrosion
resistance was investigated. The corrosion resistance was
found to be equivalent to commercial Grade 7 Ti alloys.

However, there is still a lack of the detailed
knowledge about electrochemical behavior and corrosion
resistance of Ti Grade 7 (Ti—0.2Pd) alloy in simulating
inflammatory state (PBS with hydrogen peroxide
addition).

Consequently, the purpose of this work is to study
the electrochemical behavior of commercially pure
titanium and Ti-Grade 7 alloy in simulated conditions of
healthy human body (PBS pH=7.4), and
inflammatory state (solution with hydrogen peroxide
addition and lower pH=5.2).

in the

2 Experimental

Titanium Grade 2 and titanium Grade 7 rods were
purchased from Bibus Metals, Poland and the
compositions of these metals are presented in Table 1.
The pieces of rods were placed in Duracryl plus acrylic
resin. Next, samples were mechanically polished to a
mirror-like surface by a 0.25 um alumina abrasive. After

polishing, they were cleaned with ethanol in an
ultrasonic cleaner and rinsed with deionized water and
used as a working electrode.

Table 1 Composition of titanium alloys (mass fraction, %)

Alloy N C H O Fe Pd Ti
Ti Grade 2-Ti  0.03 0.08 0.015 025 03 — Bal
) ) 0.12—
Ti Grade 7-Ti—Pd 0.03 0.08 0.015 025 0.3 025 Bal.

All measurements were performed using the
phosphate-buffered saline PBS (pH 7.4) simulating
conditions of healthy human body [4,38,41] and PBS
solution (pH 5.2) with addition of 15 mmol/L H,0O,
simulating the inflammatory state [38,42,43]. The
compositions of solutions are presented in Table 2. All
compounds were analytically pure. Electrolytes were not
de-aerated to simulate the better conditions of human
body fluids. The pH of each solution was measured
before and after each experiment using UPM
2000-pH/mV pH-meter (Tel-Eko) with the electrode ESA
AgP-301W (Eurosensor). The value of pH did not
change during experiments. To prepare the solutions,
deionized water (0.05 pS, Hydrolab HLP 30 system,
Hydrolab Polska) was used. Experimental technique used
in this work is similar to that reported in Refs. [44,45].

Table 2 Composition of solutions used in experiments

Concentration/(g-L ")

Compound
(manufacturer) PBS pH=5.2£0.1 PBS
with H,O, pH=7.4£ 0.1
NaCl o .
(Sigma-Aldrich, POCh)
KCl

(Sigma-Aldrich, POCh) 0.2 0.2
NazHP 04

(Sigma-Aldrich, POCh) 1.14 1.14

KH,PO,

(Sigma-Aldrich, POCh) 0.27 0.27
30% H,0, .
(ChemPur) 0.5 (15 mmol/L)

37% HCI o
(Sigma-Aldrich, Poch)y ~ diusting pH
Experiments were performed in a standard

three-electrode electrochemical cell with thermostatic
jacket containing about 80 mL of electrolyte. A saturated
calomel electrode (SCE, Eurosensor EKK—312) and a
platinum sheet were used as the reference and counter
electrode, respectively. Total surface area of the working
electrode was 0.196 cm® for Ti Grade 2 and 0.316 cm’
for Ti Grade 7. Additionally, in all EIS measurements a
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platinum wire was used. It was immersed in the solution
close to the SCE and connected through a capacitor (0.1—
1 uF) to the reference electrode connector of the
potentiostat. This was done to reduce possible problems
at high frequencies caused by the reference electrode.
The electrolyte in the cell was maintained at (36.610.2)
°C throughout the tests using thermostat Medingen ES
(PD Group).

A potentiostat-galvanostat with the built-in FRA2
module (AUTOLAB PGSTAT 30, Eco Chemie BV, The
Netherlands) was used to perform all the tests. The
potentiostat was controlled by GPES and FRA software
(Eco Chemie BV) installed on PC. The following tests
were performed: 1) open-circuit potential (OCP)
measurements for 1 h before each test to stabilize the
conditions (this rest potential is in fact true corrosion
potential); 2)potentiodynamic tests; 3) electrochemical
impedance spectroscopy (EIS) measurements.

Open-circuit potential was measured and recorded
for 1 h during stabilization of the samples in the
electrolyte. The potentiodynamic scans (after 1 h
immersion of sample in the solution) were acquired in
the potential ranging from —0.8 V to 0.4 V, towards
anodic direction with a scan rate of 1 mV/s. These scans
were used to obtain passive current density (Jpass) Which
describes well the behavior of passivated alloys. These
experiments were performed 3 times. Each measurement
was done using fresh solution and new working
electrode.

The corrosion behavior for the passive film formed
on the surface was also studied using the electrochemical
impedance spectroscopy (EIS). The impedance spectra
were acquired at the OCP and 0 V (vs SCE) potential.
This second potential was chosen on the basis of Fig. 2
to check the behavior of the passive layer in the range of
potentials in which the current density is almost constant.
Experiments were run with AC amplitude of 10 mV over
the frequency range of 10°-5x107° Hz (50 points per
spectrum). Each sample was immersed in the solution for
1 h before starting the EIS test to stabilize the conditions.
The EIS experiments were repeated three times.

3 Results

3.1 Open circuit potential and potentiodynamic

measurements

Figure 1 shows the variations of the open-circuit
potential over 1 h for the titanium alloy specimens
immersed in PBS solutions. The electrical potential on
the metal-electrolyte surface is closely dependent on the
conditions of the experiment, namely the nature of the
electrolyte, the concentration, the temperature, the pH,
the surface state of the metal. As a result, the
electrochemical reactions at the metal-electrolyte

interface vary with time.

Potentiodynamic tests revealed that well defined
Tafel slopes were not observed in the anodic region
(Fig. 2), which suggests that samples display a passive
behavior. In such a case, corrosion rate is defined by the
passive current density [46]. Passivation current densities
were determined from the plateau regions of anodic
curves shown in Fig. 2 and listed in Table 3.
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Fig. 1 Open circuit potential as function of time for Ti Grade 2
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Fig. 2 Potentiodynamic curves for studied metals in PBS
solution used for determination of passivation current densities
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Table 3 Average values of parameters describing corrosion
process for titanium alloys in PBS solutions

Alloy Electrolyte =~ OCP(vs SCE)/V Jpass/(A-cmfz)
Ti Grade 2 PBS (pH=7.4) —0.207 (0.017) (22}28::)
Ti Grade 7 PBS (pH=7.4) —0.155(0.016) (i;gi}g:j)
Ti Grade 2 PBS (};l);js.zﬁ —0.157 (0.021) (42145146128:2)
Ti Grade 7 PBS %)foii}*‘) —0.149 (0.009) ééiiig%

The values presented in brackets are standard deviations.

Table 3 summarizes the results of OCP and
potentiodynamic measurements. It shows the mean
values of open-circuit potentials calculated from the
values recorded at the end of each graph of potential
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variation after 1 h of immersion. In each case the average
value was calculated using at least 10 measurements. It
can be observed that OCP shifts slightly towards more
anodic potentials when the solution becomes more
acidic.

3.2 EIS measurements

Since polarization measurements gave approximate
information about corrosion of titanium alloys in PBS
solutions, and EIS technique was used. The results
obtained from impedance measurements in the form of
Nyquist and Bode plots are presented in Figs. 3 and 4.
For each choice of the experimental conditions,
measurements were performed 3 times. These results
were analyzed using ZView2 software (Scribner
Associates Inc.). To analyze the experimental data,
modified Randles equivalent electrical circuit (Fig. 5)
was used. The equivalent circuit consists of solution
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Fig. 3 Results of impedance measurements performed on studied metals in PBS solution at pH=7.4 under different potentials:
(a), (a"), (a") OCP; (b), (b"), (") OV
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Fig. 5 Modified Randles equivalent circuit used to impedance

spectra analysis

resistance (R;), polarization resistance (R,) (charge
transfer process—corrosion process) and CPE (constant
phase element). In original Randles equivalent circuit
there is an ideal capacitor C but its application is limited

only to electrodes with very flat surface without
inhomogeneities and irregularities. The constant phase
element was used because the surface of the electrode is
never ideally flat and in the electrochemical
measurements this element replaces the ideal capacitor
[47-51]. The impedance of the CPE is described by

Zq = ;n

Q(@)
where Q is a pre-exponential factor, which is a
frequency-independent parameter; n is the exponent,
which defines the character of frequency dependence
(—-1=n<1); j:«/—_l is the imaginary unit; @ =
2nf[rad-s '] is angular frequency. With n=1, Q is an ideal
capacitance and has the unit of capacitance (F/cm?), in
another case when n#1, Q has the unit of S's"cm .

3)
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Simulated spectra are shown together with the
experimental results in Figs. 3 and 4. Generally, good
agreement is found which is supported by the values of
chi-square test which are 107°-107°. The parameters
describing the equivalent circuit elements are presented
and summarized in Tables 4 and 5.

Table 4 Parameters obtained from analysis of impedance
spectra (Fig. 3) for metals immersed in PBS with pH 7.4
Ry Ry/ Q/
(Qemd) (Qem?)  (Ss"em?)
TiGrade2 OCP  10.09 844x10" 3.76x10° 0.84

Alloy Potential

TiGrade7  OCP 12.50  6.55x10* 2.70x107° 0.89

Ti Grade 2 ov 9.66 1.95x10° 2.54x107° 0.87
(vs SCE) ’ ' ' ’

TiGrade7 . OV 12.17  5.44x10* 2.99x10° 0.87
(vs SCE) : : : ‘

Table 5 Parameters obtained from analysis of impedance
spectra (Fig. 4) for metals immersed in PBS (pH 5.2)+H,0,
Ry Ry/ Q/

Allo Potential
Y (Qcm?) (Qem?) (S-s™em?)
TiGrade2  OCP 9.89  2.52x10* 2.91x10 0.89
TiGrade7  OCP 1235 3.82x10% 3.68x10 0.88

Ti Grade 2 0V (vs SCE) 10.07 2.04x10* 2.52x107° 0.91
Ti Grade 7 0V (vs SCE) 12.40 3.51x10* 3.16x107° 0.89

4 Discussion

The parameters derived from the potentiodynamic
measurements which characterize the alloy corrosion
resistance are passivation current densities. The
passivation current densities for Ti Grade 2 and Ti Grade
7 in PBS solution with pH 7.4 are comparable and their
values are 10°® A/cm’®. Average Jpass for Ti—Pd alloy (Ti
Grade 7) is equal to 5.76x10 ® A/em? and this value is a
little bit bigger than that obtained for pure Ti (Ti Grade 2,
—431x10° A/em®). One can see that there is no
difference in Ti and its alloy behaviors when they are
immersed in the PBS solution with pH 7.4.

The situation changed when Ti Grade 2 and Ti
Grade 7 samples were immersed in the solution
simulating the conditions of inflammatory state, when
the effect of H,O, addition on corrosion resistance was
studied. Passivation current density increases but this
change is large for Ti Grade 2. The value of J for Ti
Grade 2 increased to 2.56x107° A/cm” and for Ti Grade 7
the Jp. increased slightly from 5.76x10° A/em?® to
1.31x107° A/ecm®. These results are presented in Fig. 6,
which shows the change of corrosion resistance of both
studied metals with the change of pH of the solution.
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Fig. 6 Comparison of passivation current densities for studied
titanium alloys in PBS solution

On the basis of these results one can conclude that
in more acidic solution (pH 5.2) with the addition of
H,0,, Ti Grade 2 is more susceptible to corrosion than
Ti—Pd alloy. This situation changes in neutral solution
(pH 7.4), in which Ti Grade 2 is slightly more corrosion
resistant than Ti—Pd alloy. It can be speculated that this
phenomenon is connected with the change in the
structure and composition of the passive oxide layer. It
was found that in the Ti—Pd—O system ternary oxides
TisPdO, PdTiOs;, TisPd,O exist [52,53]. It cannot be
excluded that one of them may be a part of the oxide
layer, which certainly may change conductivity of the
passive layer. Another possibility, which also may
influence the structure and conductivity of the layer, is
the reaction of the oxide with OH ™ ions which results in
the formation of hydroxide layer with the porous
structure. The existence of more complicated oxide layer
in the solution with pH 7.4 can be also justified by the
EIS measurements.

No experimental evidence about the structure of the
surface oxide layer the simplest equivalent circuit shown
in Fig. 5 was adopted. Such a circuit was also used
recently [9,54,55]. Comparison of calculated spectra with
experimental data showed that this model circuit gives
satisfactory results except for measurements done in the
PBS solution with pH 7.4. For these samples small
deviation between measured and calculated values can be
seen at low frequencies. These deviations can be
connected either with the diffusion process or with the
complicated passive oxide structure. However, since
kinetic parameters are obtained at high and medium
frequencies, observed deviation should have no large
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influence on determined polarization resistance.

Table 4 can affirm that the values of polarization
resistance for Ti Grade 2 and Ti Grade 7 immersed in
PBS solution with pH 7.4 are 10° Q-cm®. For Ti Grade 7,
the value is a little bit lower and is around 6x10* Q-cm®.
This suggests worse corrosion resistance of this alloy in
PBS solution simulating the conditions of healthy human
body in comparison with commercially pure Ti. On the
basis of Table 5 the values of polarization resistance for
both metals immersed in PBS solution with pH 5.2 and
addition of H,0, are 10* Q-cm® and are
comparison with values of R, obtained for studied alloys
in PBS solution without H,O,. One can see that the
addition of hydrogen peroxide increases the corrosion
rate of both materials, but the change in corrosion rate is
larger in the case of pure titanium. It can be suggested

lower in

that under the influence of hydrogen peroxide, Ti Grade
7 is more corrosion resistant than Ti Grade 2, which is
also confirmed by the results of potentiodynamic
measurements. The values of the parameter n for
constant phase element (CPE) shown in Tables 4 and 5
are not equal to 1 but vary from 0.84 to 0.91. This means
that the passive layer formed on the surface of the
studied metals does not behave as an ideal capacitor
during the immersion in both solutions. These values
suggest that the reaction at metal—solution interface is
under mixed control, between pure charging (n=1) and
pure diffusion process (n=0.5).

5 Conclusions

1) Ti Grade 7 alloy immersed in PBS with pH 7.4
has a little bit smaller corrosion resistance (higher values
of passivation current density) than Ti Grade 2 immersed
in the same solution.

2) Situation changed with the change of the solution
of PBS with pH 5.2 and with the addition of hydrogen
peroxide. The corrosion resistance of both alloys is
decreased, but in comparison of passivation current
densities one can conclude that Ti Grade 7 (Ti—Pd alloy)
is more corrosion resistant in this environment. Better
performance of Ti Grade 7 in PBS at pH 5.2 is caused by
cathodic modification connected with the Pd addition
which apparently does not work in neutral solution.

3) It can be suggested that Ti Grade 7 can be a good

candidate as a material for orthopedic implant
application.
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