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This work discusses the effect of cold rolling and subsequent annealing on the corrosion and wear behavior
of a b-type commercial Ti-25Nb-25Zr alloy. Using the cold-rolling and heat treatment, samples with dif-
ferent grain sizes were produced from the alloy. The effect of microstructural evolution due to cold rolling
and annealing treatment on the corrosion behavior was examined in the Hank�s simulated body fluid
solutions, whereas sliding wear behavior was analyzed using ball-on-disk tribometer under dry condition.
The corrosion resistance of the alloy was found to improve with cold rolling and subsequent annealing
treatment. Increase in grain size also led to the improvement in the corrosion resistance in the Hank�s
simulated body fluid solution. Wear resistance was found to be highest for the sample annealed at 400 �C
due to its highest hardness among all the samples. Abrasive wear was found to be the dominating wear
mechanism.
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1. Introduction

Owing to the outstanding properties, like low modulus of
elasticity, high specific strength, good biocompatibility and
excellent corrosion resistance, a/b-type Ti-6Al-4V alloys are
widely used Ti alloys for bio-implant materials (Ref 1-4).
However, it has been reported that the release of Al and V ions
from Ti-6Al-4V alloys causes various health issues, like
osteomalacia, neuropathy and Alzheimer diseases (Ref 5, 6).
In addition to this, these alloys have higher modulus of
elasticity than bone tissues leading to bone resorption, implant
loosening and failure when used as orthopaedic implant
materials (Ref 7). Therefore, substitution of Al and V by other
potential elements in Ti-based alloys has been attempted in the
recent past. Song et al. (Ref 8) have shown that the modulus of
elasticity of conventional Ti alloys can be decreased by alloying
with elements, like Zr, Nb, Mo and Ta, without affecting the
strength. Moreover, various alloys of Ti containing Nb, Zr, Ta,
etc., have been studied in the past and found to be non-toxic
(Ref 9).

In addition to the strength, modulus of elasticity and non-
toxicity, properties like corrosion and wear resistance are also
important because the implants undergo corrosive dissolution

and wear in the human body. The severe environment for
implant materials inside the human body contains K+, Na+,
Mg+2, Ca+2, chloride, bicarbonate, phosphate, proteins, plasma
and dissolved oxygen, etc. (Ref 10, 11). Therefore, in vitro
study of implant materials to evaluate their corrosion perfor-
mance is generally carried out in Hank�s or Ringer�s simulated
body fluid solution (Ref 12). In addition to the composition of
body fluid, shifting of equilibrium by biological molecules, like
proteins, presence of bacteria, change in pH and change in
oxygen concentration near implants, are also important factors,
which control the release of metal ions from implant material
(Ref 12). Therefore, effect of alloying elements on the
corrosion behavior of various implant materials has been
extensively studied (Ref 12). Jeong et al. (Ref 13) have studied
the effect of Zr addition on corrosion behavior of Ti-35Nb-xZr
alloys containing 3wt.% to 10 wt.% Zr in 0.9% NaCl solution.
The Ti-35Nb-xZr alloy containing 10 wt.% Zr has exhibited
highest corrosion resistance among all the studied alloys. It has
been concluded that increase in Zr content causes the improve-
ment in corrosion resistance. Geetha et al. (Ref 14) have studied
the effect of heat treatment and resulting microstructural
changes on the corrosion behavior of a Ti-13Nb-13Zr alloy in
Ringer�s solution. They have concluded that equiaxed
microstructure and homogeneous distribution of alloying
elements (Nb and Zr) are beneficial for the improvement in
corrosion resistance. In contrast to this, depletion of Nb can
result in the reduction in corrosion resistance.

The corrosion resistance of Ti-alloys primarily depends on
the thickness, composition and kinetics of the formation of
passive oxide film in physiological medium (Ref 15). There-
fore, the possibility of failure of implants is increased due to the
combined effect of wear and corrosion (tribo-corrosion) since
wear results in damage of protective oxide film and crack
initiation (Ref 16, 17). Moreover, the initial surface damage of
the implants due to corrosion and wear also reduces their
fatigue resistance. Sahoo et al. (Ref 18) have shown that wear
behavior of Ti-alloys are affected by microstructural variation.
Li et al. (Ref 19) have reported that the wear behavior of a Ti-
29Nb-13Ta-4.6Zr alloy improves with an increase in Nb
content and oxidizing treatment due to the formation of
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lubricating Nb2O5. Corrosion and sliding wear behavior of a
martensitic Ti-13Nb-13Zr alloy has been compared with a
martensitic and a (a + b) Ti-6Al-4V ELI alloys (Ref 15). It has
been found that the wear resistance of the Ti-13Nb-13Zr alloy
is lower than that of the Ti-6Al-4V ELI alloys with both kind of
microstructures due to the lowest hardness of the former.
However, corrosion resistance of the Ti-13Nb-13Zr is lower
than that of the martensitic Ti-6Al-4V ELI alloy and higher
than that of the (a + b) Ti-6Al-4V ELI alloys in Ringer�s
solution.

Ralston et al. (Ref 20) have suggested that grain size and
crystallographic texture affect the corrosion behavior to a large
extent. Generally, grain refinement causes increase in the
corrosion resistance in passive medium and vice-versa in active
medium. Balyanov et al. (Ref 21) have studied the effect of
grain size on the commercially pure Ti in HCl and H2SO4 acids
and found higher corrosion resistance of the ultra-fine grained
(UFG) Ti as compared to its coarse grained counterpart due to
better and rapid passivation of UFG Ti. Hoseini et al. (Ref 22)
have studied the effect of grain size and crystallographic texture
on the corrosion behavior of commercially pure Ti in 0.16 mol/
L NaCl solution, and found that texture dominates the grain
size in affecting the corrosion behavior. Therefore, it is clear
from the above discussion that composition, processing and
resulting microstructural changes play an important role in
deciding the corrosion and wear resistance of Ti-based alloys.

Vajpai et al. (Ref 23) have studied the effect of cold rolling
and subsequent annealing at different temperatures on the
microstructure and corresponding mechanical properties of b-
type Ti-25Nb-25Zr alloy. However, corrosion and wear behav-
ior for this alloy has not been studied. Moreover, as indicated in
the literature, grain size and their distribution affects the
corrosion and wear behavior of the metals and alloys signif-
icantly (Ref 24, 25). Therefore, in the present work, effect of
microstructural changes (grain size) induced by the cold-rolling
and subsequent annealing at different temperatures on the
corrosion behavior of b-type Ti-25Nb-25Zr alloy have been
studied in Hank�s simulated body fluid solution, whereas
sliding wear behavior has been investigated using ball-on-disc
tribometer under dry condition. The obtained results have been
analyzed and involved mechanisms have been discussed.

2. Experimental

The initial samples of Ti-25Nb-25Zr (wt.%) alloy was
received in the form of rods of �5.97 mm diameter in the
solution-treated (ST) condition. The chemical composition of
the initial samples is listed in Table 1. The multi-pass rolling of
rods was carried out at room temperature to prepare strips with
a � 1.29 mm thickness. Reduction in thickness was � 80%.
Thereafter, the rolled samples were annealed at 400 �C,
600 �C, 800 �C, and 1000 �C, for 3600 s in an ultra-high
vacuum furnace. For metallographic analysis, the samples were

ground with SiC papers followed by cloth polishing. Samples
were etched with Kroll�s reagent (HCl, HNO3, H2O in 2:1:3
ratio) solution. The microstructure of the initial, rolled and
annealed samples were examined using Scanning Electron
Microscopy (Jeol JSM-7200F).

Electrochemical tests were carried out using PARSTAT
2263 potentiostat. Flat bottom cell comprising of three
electrodes were used for electrochemical tests. A saturated
calomel electrode (ESCE

o = +241mVSCE) and a platinum mesh
were used as reference electrode and counter electrode,
respectively. The experiments were conducted in a freely
aerated Hank�s simulated body fluid solution which was
prepared by mixing KCl (0.4 g/L), NaCl (8 g/L), NaHCO3

(0.35 g/L), CaCl2 (0.14 g/L), Na2HPO4Æ2H2O (0.06 g/L),
MgSO4Æ7H2O (0.06 g/L), KH2PO4 (0.6 g/L), MgCl2Æ6H2O (0.1
g/L) and glucose (1.0 g/L) (Ref 25). The pH of the electrolyte
was maintained at 7.4. Samples were exposed to electrolyte for
3600 s for stabilization of the open circuit potential (OCP).
Potentio-dynamic polarization experiments were conducted at a
scan rate of 0.166 mV/s. The corrosion current density was
determined using Tafel extrapolation method, and corrosion
rate (mm/year) was calculated according to ASTM G-102 89
(Ref 26). Afterward, corroded samples were analyzed with the
help of FEI-Nova Field Emission-Scanning Electron Micro-
scope (FE-SEM).

Micro-hardness was measured with the help of Bareiss
Prüfgerätebau GmbH hardness tester. Holding time and load
during micro-hardness measurement were used as 10 seconds
and 0.5N, respectively. Wear behavior of all the samples were
analyzed using a tribometer (DUCOM TR-20LE-PHM500) in a
ball-on-disk arrangement. The sample and a tungsten carbide
(WC) ball of 10 mm diameter were used as a disc and counter
body, respectively. The wear tests were carried out at a
rotational speed of 200 rpm and normal load of 5N for one hour
while maintaining the wear track diameter of 3.5 mm under
dry-sliding conditions at room temperature.

3. Results and Discussion

The microstructure of the initial rod samples is shown in
SEM images (Fig. 1). From Fig. 1(a), it is clear that the
microstructure of as-received rod consists of two distinct
regions: Area-I with equiaxed grains and Area-II with unre-
solved features. SEM image of the Area-I at high magnification
(Fig. 1b) shows that the Area-I consists of equi-axed grains
with size in the range of 3-5 lm which could be due to
complete recrystallization. On the other hand, SEM images of
Area-II at high magnification shows the grains of sizes £ 1 lm
(fine-grained area) which could be due to partial recrystalliza-
tion.

The microstructure of the cross-sectional surface of the cold-
rolled samples is shown in Fig. 2. The microstructure exhibits
the presence of severely deformed and elongated grains, along

Table 1 Chemical composition of as-received Ti-25Nb-25Zr alloy

Elements Nb Zr Fe C N H O Ti

Composition, wt.% 24.6 25.2 0.08 0.03 0.01 0.01 0.08 Balance
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Fig. 1 Representative SEM micrographs of (a) Ti-25Nb-25Zr initial rod and high magnification micrographs of (b) Area-I and (c) Area-II of (a)

Fig. 2 SEM micrographs of a cold-rolled strip of Ti-25Nb-25Zr alloy at (a) low and (b) high magnification

Fig. 3 SEM micrographs of a cold-rolled strip of Ti-25Nb-25Zr alloy after annealing at (a) 400 �C, (b) 600 �C, (c) 800 �C and (d) 1000 �C.
The high magnification images of (a) and (b) is shown in the inset.
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with shear bands. The SEM micrographs of the cold-rolled Ti-
25Nb-25Zr alloy samples after annealing from 400 to 1000 �C
are shown in Fig. 3(a-d). It can be noticed that the specimen
annealed at a low temperature of 400 �C (Fig. 3a) exhibits
deformed structure, as in the case of the cold-rolled specimen as
shown in Fig. 2. Therefore, it can be concluded that the
annealing at low temperatures could not cause any observable
microstructural evolution except some amount of localized
recovery/recrystallization, resulting in the formation of small-
sized sub-grains. Therefore, it is clear that the annealing at
400 �C, results in stress-relieving along with a plausible
recovery.

Figure 3(b) shows the SEM micrographs of the cold-rolled
Ti-25Nb-25Zr samples after annealing at 600 �C. The recrys-
tallized and equiaxed fine grains of grain size � 9 lm can be
observed. Instead, it can be noticed that the annealing at 800 �C
(Fig. 3c) and 1000 �C (Fig. 3d) have led to a significantly
coarse-grained equiaxed microstructure with grain size,
�58 lm and � 263 lm, respectively. Vajpai et al. (Ref 23)
have demonstrated with the help of XRD analysis that the b-
type Ti-25Nb-25Zr alloys are stable against severe plastic
deformation and no signature of strain induced phase transfor-
mation could be observed after cold rolling. However, they
have found the precipitation of HCP a-phase in the samples
annealed at 400 �C, whereas single phase (b-phase) exists in
the samples annealed at 600 �C, 800 �C and 1000 �C. It is
plausible that the generation of large number of defects due to
the cold rolling offers the heterogeneous nucleation sites for a-
phase (HCP) precipitation at low temperature annealing
(400 �C). The a-phase could not be observed even in high
magnification SE/BSE images as well as EBSD analysis. It can
be due to the small content of a-phase whose presence could
only be revealed by small peaks in XRD analysis as shown in
Ref 23. It could be due to the presence of Nb which acts as a
strong b-stabilizer. Zhang et al. (Ref 27) have reported that Nb
(b-stabilizer) affects the b-transus temperature significantly,
whereas Zr acts as neutral element and does not influence the b-
transus temperature considerably. They have reported b-transus
temperature of Ti-24Nb-2Zr alloy to be 833 K which could also
be assumed for the present alloy.

Dynamic polarization tests were conducted to understand
the electrochemical behavior of the samples in the wider
potential range in Hank�s simulated body fluid solution
(Fig. 4a). The corrosion current density, icorr, was estimated

using Tafel extrapolation method and the obtained values along
with the values of ba and bc have been listed in Table 2. ba and
bc are the slope of linear portion of anodic and cathodic branch
of the polarization plot. It is clear from Table 3 that the
corrosion current density of the cold rolled sample is lower than
that of the as-received sample. The improvement in corrosion
resistance after cold rolling can be attributed to the possible
crystallographic texture induced in the sample due to the cold
rolling. Guo et al. (Ref 28) have also reported the improvement
in corrosion resistance of the Ti-6Al-3Nb-2Zr-1Mo alloy after
cold rolling due to crystallographic texture. However, the
corrosion resistance further improves after annealing the cold-
rolled sample at 400 �C. It has already been mentioned that
only recovery takes place after annealing at 400 �C, and no
signature of recrystallization has been found. It is well known
that the density of defects, like dislocations, vacancy, etc., and
other microstructural heterogeneities get reduced after recovery
resulting in lowering of energy. This could be the reason of
slightly improved corrosion resistance of sample annealed at
400 �C as compared to the cold-rolled sample. However,
recrystallization began to take place after annealing at temper-
atures higher than 600 �C resulting in formation and growth of
new strain-free grains. It is worth to mention here that it would
be unfair to compare the corrosion resistance of textured cold-
rolled sample and sample annealed at 400 �C with fully
recrystallized samples after annealing at 600 to 1000 �C. It is
due to the fact that corrosion resistance of material is strongly
influenced by grain size, defect density, crystallographic
texture, surface energy, etc. (Ref 20). Hoseini et al. (Ref 22)
have reported that crystallographic texture influences the
corrosion resistance of commercially pure-Ti more than grain
size does. Therefore, corrosion resistance of fully recrystallized
samples annealed at 600 to 1000 �C has been compared with
the as-received sample so that the effect of grain size and
crystallographic texture can be studied.

The corrosion rates obtained from the samples annealed at
temperatures 600, 800 and 1000 �C have been plotted against
the corresponding grain sizes and presented in Fig. 4(b). The
grain size of the as-received sample could not be included in the
plot due to its bimodal grain size distribution. It is clear that the
corrosion rate decreases with increase in the grain size
(Fig. 4b). It can be noticed that the corrosion rate of the
sample annealed at 600 �C is comparable with that of the as-
received sample (Table 2). However, the corrosion rate

Fig. 4 (a) Dynamic polarization plot obtained after potentiodynamic polarization test in Hank�s simulated body fluid (b) variation of corrosion
rate with grain size
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significantly reduces after annealing the samples at 800 and
1000 �C (Fig. 4b). Decrease in the corrosion rate or increase in
the corrosion resistance can be attributed to the increase in grain
size with annealing temperature. The effect of grain size on the
corrosion rate is not significant in case of the as-received
sample and the sample annealed at 600 �C due to the small
difference (5 to 8 lm) in grain size of the two samples.
However, significant grain growth occurs after annealing at
higher temperatures, which can bring appreciable change in the
corrosion rate. Due to the higher energy, grain boundaries are
anodic to grain interior and more vulnerable sites for corrosive
attack. As grain boundary density deceases with increase in
grain size, the number of anodic sites decreases resulting in the
enhancement of corrosion resistance.

In addition to the grain size, it has been found in our
previous work (Ref 23) that the intensity of XRD peak
corresponding to b(211) phase increases significantly with
increase in the annealing temperature. It indicates that the
tendency of preferred crystallographic texture increases with
increase in the annealing temperature. Similar tendency has
also been observed from EBSD analysis before (Ref 23).
Therefore, it can be concluded that the combined effect of
increase in grain size and crystallographic texture has attributed
to improvement in the corrosion resistance with increase in the
annealing temperature.

Difference in passivation behavior of the as-received sample
and the annealed samples can be easily noticed in Fig. 4. The
as-received sample has shown initial tendency of passivation,
but could not continue beyond the potential of 170 mV with
respect to standard calomel electrode (SCE). On the other hand,
the stable passivation continues up to 650 mV versus SCE in
case of the cold rolled and annealed samples. The difference in
passivation could be attributed to recrystallized and partially
recrystallized regions present in the as-received sample result-
ing in differential passivation kinetics. Serrations present just
below the break down potential in the anodic branch of

dynamic polarization plot suggest the occurrence of unsta-
ble passivation kinetics. Similar to corrosion current density,
passive current densities of the cold-rolled and sample annealed
at 400 �C is lower than that of the samples annealed at higher
temperature. Therefore, it can be concluded that the cold rolling
followed by recovery improves the corrosion resistance and
passivation kinetics.

The corroded surfaces of the samples after dynamic
polarization test has been analyzed using scanning electron
microscope and shown in Fig. 5(a-f). It is clear from the SEM
micrographs of the samples after dynamic polarization test that
the samples have not gone severe dissolution even after the
anodic polarization of 1 Volt with respect to SCE. This is
consistent with low current density (high corrosion resistance)
of Ti-based alloys. Some pits have been observed in case of the
as-received sample as shown in the inset of Fig. 5(a). This can
be attributed to the early breakdown of the passive film as
indicated by lower breakdown potential of as-received sample
in Fig. 4. However, small pits can be observed in SEM
micrograph of corroded surface of annealed samples as shown
in the inset of Fig. 5(d) as a representative image of other
samples. This could be due to the plausible initiation of pitting
at higher potentials as indicated by increasing trend of current
density at the end of anodic branch of polarization plots of cold
rolled and annealed samples (Fig. 4). Effect of grain size can
also be observed in the SEM images of the corroded surfaces of
the annealed samples (Fig. 5d-f). Inset of Fig. 5(d) shows that
pits formed in the sample annealed at 600 �C are finer as
compared to those in the samples annealed at 800 �C (Fig. 5e)
and 1000 �C (Fig. 5f) as shown by dotted circles. Moreover,
number of pits is more in case of the sample annealed at 600 �C
as compared to those in the samples annealed at 800 �C and
1000 �C. This could be attributed to the difference in grain size
and resulting difference in grain boundary densities in the
samples annealed at different temperatures. The mechanism is
shown with the schematic (Fig. 6). Since the grain boundaries
are anodic with respect to grain interior, the probability of pit
formation at the grain boundaries and triple junctions is
significantly higher than that in the grain interior leading to an
increase in corrosion current density. But, the growth of pit is
limited by the growth of adjacent pit initiated at another nearby
grain boundaries resulting in finer pits as shown with the dotted
circles in the schematic (Fig. 6). However, in case of the
samples with coarser grain, the number of pits is less but bigger
in size (Fig. 6d).

Table 3 presents the micro-hardness values of the as-
received, the cold-rolled and the annealed samples. It is clear
that the micro-hardness has increased after cold rolling from
210 ± 17 to 265 ± 11 HV, which can be attributed to the strain
hardening caused by cold-deformation. Micro-hardness has

Table 2 Electrochemical parameters obtained from dynamic polarization test in Hank�s simulated body fluid

Samples ba, mV/decade bc, mV/decade Ecorr, mV versus SCE icorr, lA/cm
2 CR, mm/year

Ti-biosoft 338 171 �263 0.25 0.0047
Cold rolled 255 229 �354 0.12 0.0023
Annealed at 400 �C 235 235 �254 0.096 0.0018
Annealed at 600 �C 218 217 �374 0.27 0.0051
Annealed at 800 �C 191 218 �310 0.15 0.0028
Annealed at 1000 �C 203 197 �313 0.12 0.0023

Table 3 Micro-hardness of as-received, cold-rolled and
annealed Ti-25Nb-25Zr samples

Samples Micro-hardness (HV)

Ti-Biosoft 210 ± 13
Cold rolled 265 ± 10
Annealed at 400 �C 340 ± 11
Annealed at 600 �C 224 ± 9
Annealed at 800 �C 220 ± 15
Annealed at 1000 �C 215 ± 13
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further increased to 340 ± 11 after annealing at 400 �C. This
could be due to the precipitation of HCP a-phase at 400 �C as
discussed earlier and also reported elsewhere (Ref 20).

However, reduction in micro-hardness after annealing at
relatively higher temperature has been observed which could

Fig. 5 SEM micrographs showing the surface condition after dynamic polarization test in Hank�s simulated body fluid (a) as-received, (b) cold-
rolled, (c) annealed at 400 �C, (d) annealed at 600 �C (e) annealed at 800 �C and (f) annealed at 1000 �C

Fig. 6 Schematic showing the mechanism of corrosion in fine and coarse grained samples
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be due to the combined effect of decrease in the fraction of
HCP a-phase and recrystallization.

Effect of cold rolling and subsequent annealing at various
temperatures on sliding wear behavior of the Ti-25Nb-25Zr
alloys has been analyzed. Wear rate (W) has been estimated by
the ratio of wear volume to sliding distance. Wear volume has
been determined using Eq 1 (Ref 29)

wear volume ðvÞ ¼ h � An ðEq 1Þ

where, h is depth of wear and An is area. The depth of wear (h)
is taken as maximum depth of wear as obtained from the
tribometer, whereas area An is determined from the SEM
micrographs of wear track as shown in Fig. 7(a) as a

Fig. 7 (a) SEM micrograph of worn-out as-received sample showing wear track (b) variation of wear rate

Fig. 8 SEM micrographs showing the surface condition after wear test of (a) as-received, (b) cold-rolled, (c) annealed at 400 �C, (d) annealed
at 600 �C (e) annealed at 800 �C and (f) annealed at 1000 �C
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representative image. The variation of wear rate with different
processing conditions is shown in Fig. 7(b). It is clear that wear
rate of the cold rolled sample is lower than that of the as-
received sample. Further decrease in wear rate can be noticed in
Fig. 7(b) after annealing at 400 �C. Wear rate increases after
annealing at temperatures greater than 600 �C. Wear rate is
inversely proportional to the hardness of the material as
suggested by Archards� equation (2) (Ref 21)

W ¼ K
P

H
ðEq 2Þ

where, W is wear rate, P is applied pressure, H is hardness of
the material and K is a dimensionless constant known as wear
coefficient. Therefore, the variation in wear rate could be due to
hardness variation in the sample. The Sample annealed at
400 �C has exhibited minimum wear rate (or maximum wear
resistance), which can be attributed to its highest hardness
among all the samples.

In order to understand the mechanism of wear, worn-out
surfaces have been examined using SEM and corresponding
micrographs are shown in Fig. 8(a-f). Scratch marks as shown
with the arrow-heads can be noticed in all the micrographs,
which could have formed due to the abrading action of debris
produced during wear. It suggests that abrasive wear could be
the governing wear mechanism. Zheng et al. (Ref 30) have also
reported the abrasive wear as a governing mechanism in Ti-Zr-
Nb-Ta alloys at low loads. It can also be noticed that scratch
marks are relatively deeper in case of samples annealed at
temperature greater than 600 �C (Fig. 8a-f) resulting in
increased wear rate. This could be due to the relatively lower
hardness of the samples annealed at higher temperature as
compared to that of the cold rolled and sample annealed at
400 �C. Some dark gray layer can be noticed in the micro-
graphs marked as oxide layer (Fig. 8a-f). Oxide layer has been
confirmed by EDS analysis of the worn-out surfaces as shown
in Fig. 9. EDS analysis reveals the significantly higher oxygen
content in dark gray region (Area 1) as compared to that in Area
2. During sliding wear in air, the tribo-oxidation occurs due to
local increase in temperature. Oxide layer forms and gets

removed in the subsequent engagement with the counter-body
and fresh surface comes in contact in subsequent cycles.

Therefore, it is clear that corrosion and wear behavior of the
Ti-25Nb-25Zr alloy has been affected by the cold rolling and
subsequent annealing. The corrosion resistance has been found
to improve by introducing crystallographic texture via cold-
rolling and increase in grain size. On the other hand, wear
resistance of the sample annealed at 400 �C has been found to
be highest due to its highest hardness among all the samples.

4. Conclusions

In present work, the samples of the Ti-25Nb-25Zr alloy have
been cold-rolled and annealed at 400, 600, 800 and 1000 �C.
Annealing at different temperature has caused stress-relieving
as well as recrystallization and grain growth resulting in
different grain sizes. It has been found that the sample annealed
at 400 �C has highest corrosion resistance in Hank�s simulated
body fluid solution. Improvement in corrosion resistance with
increase in grain size of Ti-25Nb-25Zr alloys has also been
found. Cold rolling and subsequent annealing have resulted in
an improvement in passivation behavior. The sample of the Ti-
25Nb-25Zr alloy annealed at temperature 400 �C has exhibited
highest wear resistance due to its higher hardness. Abrasive
wear has been observed to be the dominating wear mechanism.
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