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Ti-13Nb-13Zr (TNZ) alloy has attracted considerable research attention in the last decade as a suitable
substitute for the commercially used Ti-6Al-4V (TAV) alloy for orthopedic and dental implant applications.
Hence, in the present work, a comparative evaluation has been performed on the electrochemical corrosion
behavior of TNZ and TAV alloys in 0.9 wt.% NaCl solution. The result of the study showed that both
the alloys had similar electrochemical behavior. The corrosion resistance of TAV alloy is found to be marginally

superior to that of TNZ alloy.
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1. Introduction

Titanium and titanium alloys continue to be the best
choice as orthopedic and dental implant materials due to
their excellent biocompatibility and mechanical properties.””
Among the different titanium alloys (a, a+ 3, B), the a
+ 3 type Ti-6Al-4V (TAV) alloy is the most employed
biomaterial with proven clinical success. Usually a+[3 mi-
crostructure of the alloy is particularly important when a
greater modulus of elasticity is in need, such as bone
plates. However, the release of toxic Al and V ions from
the TAV alloy remains a major concern. Among the tita-
nium alloys investigated as substitutes for TAV alloy,
Ti-13Nb-13Zr (TNZ) alloy (~79 GPa)f’) is particularly
promising and has attracted considerable recent research
attention. This alloy does not contain any elemental con-
stituents associated with adverse cell response. It has been
shown that surface hardened TNZ alloy possess com-
parable or superior strength and toughness to existing TAV
alloy.” The comparatively higher elastic modulus of the
TAV alloy (~120 GPa) is unfavorable for clinical implant
success, in terms of stress transmission between the im-
plant and the bone (~28 GPa).”

Corrosion is perhaps the most decisive phenomenon de-
fining the biocompatibility and mechanical integrity of an
implant. Corrosion resistance of titanium alloys depends
primarily on the alloy chemical composition, alloy proc-
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essing and the resulting microstructure; in addition to the
texture and crystal structure.” Corrosion behaviors of TAV
and TNZ alloy was investigated by different researchers. "
Some of these reported studies suggested that corrosion
resistance of TNZ alloy is superior to that of TAV al-
loy,"'® whereas few studies indicated a reverse trend.'™'"”
Also, the corrosion resistance of titanium alloys varies sig-
nificantly depending on the alloy processing conditions.
Hence, in the present work, we have studied the corrosion
behavior of TNZ and TAV alloys that were fabricated by
arc melting and water quenching. The electrolyte used was
de-aerated 0.9 wt.% NaCl solution at 37+1 C.

2. Experimental

The alloys have been fabricated by arc melting with
non consumable tungsten electrode and water cooled cop-
per hearth under ultra pure argon atmosphere. The ingots
were re-melted 10 times in order to homogenize the alloy
chemical composition. The casted alloys were heat treated
at 1000 C in Ar atmosphere, followed by water quenching.
The phase structure and chemical composition of the heat
treated alloys were identified by x-ray diffraction (XRD,
X’pert Pro, Philips, Netherlands) using a Cu-ka radiation
and energy dispersive x-ray spectroscopy (EDS, JXA-
8900M, Jeol, Japan) respectively. Chemical etching was
performed using Keller’s reagent and the microstructure
was observed by optical microscope (OM, Olympus BX
60MF, Japan). The chemical composition of the alloys as
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determined by EDS were Ti: Nb: Zr = 72.18: 13.58: 14.24
and Ti: Al: V = 89.2: 6.5: 4.3.

Electrochemical studies were conducted using a po-
tentiostat/galvanostat (EG&G, 263A) and impedance spec-
troscopy (EIS, EG&G, 1025). A conventional three elec-
trode system with high density graphite as counter elec-
trode and saturated calomel electrode (SCE) as reference
was used. The electrolyte was 0.9 wt.% NaCl at 37+1

C. The sample edges were carefully covered with epoxy
to avoid the possible crevice attack. The electrolyte was
de-aerated with high purity Ar gas for 30 min before start-
ing the experiment. De-aeration was continued at a uni-
form rate during the experiment and the solution was sub-
jected to mild stirring using a magnetic stirrer. The scan
rate used for potentiodynamic polarization was 1.667
mV/s. An immersion period of 1 h was given for stabiliza-
tion of open circuit potential (OCP) before starting the
experiments. A similar three electrode set-up was used for
impedance spectroscopy studies. The frequency range used
for EIS studies was 10> Hz to 10° Hz. The amplitude
of AC signal was 10 mV and 5 points per decade was
used. Experiments were conducted at Ecor and at 300 mV.

3. Results and discussion

Representative optical micrographs of the TNZ and
TAV alloy are shown in Fig. 1. Both the alloys exhibited
a+B microstructure with acicular martensitic phases and
intergranular (3 grains. XRD measurements [not shown]
showed that the volume fraction of [3 phase in TNZ alloy
is significantly higher than that of the TAV alloy. This
is attributed to the higher wt.% of the Nb in the alloy,
which is a 3 phase stabilizer. In TAV alloy, 6 wt.% Al
is the a phase stabilizer and 4 wt.% V stabilizes the 3
phase. The comparatively higher elastic modulus of the
TAV alloy is attributed to the higher volume fraction of
the a phase.

Fig. 2 represents the potentiodynamic anodic polar-
ization plots obtained for the TNZ and TAV alloys. Both
the alloys exhibited steady passive region in the electro-
lyte, with almost similar values for the passive current
density (ipas), which is in the order of 10® A/em”. The
potentiostatic polarization plots at 300 mV supports this
result (Fig. 3). Both the alloys showed similar current den-
sity values. From the Fig. 1 & 2, it can be suggested that
the corrosion resistance property of the two alloys in the
present electrolyte is equivalent. However, the TNZ alloy
exhibited comparatively higher passive current density val-
ues than the TAV alloy, possibly indicating enhanced pas-
sive film stability for the latter.

After the potentiostatic experiments, we have made in-
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Fig. 1. Representative optical microstructures: (A) Ti-13Nb-13Zr;
(B) Ti-6Al-4V.
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Fig. 2. Potentiodynamic anodic polarization plots: (A) Ti-13Nb-
13Zr; (B) Ti-6Al-4V.

tentional scratches on the sample surface using a sharp
knife edge, in order to study the ability of the passive
film to repair the film damage. In actual practice, the pas-
sive layer can be broken down in certain circumstances
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Fig. 3. Potentiostatic polarization plots recorded at 300 mV: (A)
Ti-13Nb-13Zr; (B) Ti-6Al-4V.
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Fig. 4. Bode spectra recorded at Ecor: (A) Ti-13Nb-13Zr; (B)
Ti-6Al-4V.

by wear. After making the surface scratches, the samples
were again immersed in the same electrolyte and the varia-
tion in current density is followed as a function of applied
potential at the range from 0 to 1 V. Care was taken to
keep the extent of passive film damage same in both the
alloys. Both the alloys exhibited similar current-voltage
behavior. However, the current density values recorded for
the TAV alloy was slightly nobler than that recorded for
the TNZ alloy [not shown]. This observation probably sug-
gests that the two alloys are equivalent in the film repairing
ability too. This may be due to the fact that TiO, based
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passivation is the predominant protection mechanism in
both the cases. However, the performance of TAV alloy
was marginally better than that of the TNZ alloy.

Fig. 4 represents the Bode plots obtained for the TNZ
and TAV alloys. Collaborated with the above results, EIS
plots showed higher impedance values for TAV alloy than
the TNZ alloy. The phase angle was close to 90 degree
for both alloys over a wide frequency range, due to the
formation of thin passive oxide film. EIS measurements
were also carried out at 300 Hz [not shown]. It has been
showed that the passive oxide film at higher potentials
is composed of an inner barrier layer and an outer porous
layer.zo) This latter layer contains microscopic pores, where-
as the barrier layer is compact and related to a very large
resistance. The slight inflection observed at 1 Hz in the
Bode frequency plot for both the alloys was more accen-
tuated at 300 mV, possibly indicating two relaxation time
constants. There was a considerable decrease in the phase
angles at lower frequencies when compared to the corre-
sponding plot at Ec.r. This observation suggests deterio-
ration of the protective properties of the passive film.
Hence, an equivalent circuit corresponding to a defective
coating was used for fitting the EIS graphs recorded at
300 mV." A simple Randle’s circuit was used for fitting
the graph at Ecor. Table 1 shows the corresponding simu-
lated data. Here R; and R, respectively represent porous
layer and barrier layer resistance. Chi-square values of the
order of 10” indicated excellent agreement between the
experimental and model values in both the cases. A higher
value of R implies higher corrosion resistance. Hence the
result of the present study indicated a marginal better per-
formance for the TAV alloy than the TNZ alloy. However,
enhanced mechanical property and biocompatibilty give
an advantageous edge to TNZ alloy for implant appli-
cations.

4. Conclusions

The phase and microstructure analysis showed that the
beta phase fraction in the TNZ alloy is significantly higher
than that in the TAV alloy. Electrochemical studies
showed that both the alloys had similar electrochemical
behavior in the electrolyte. The corrosion resistance of
TAV alloy is slightly superior to TNZ alloy.
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