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a b s t r a c t

To understand the corrosion behavior of zirconium based bulk metallic glass (BMG); electrochemical, and
surface investigations were carried out on Zr59Ti3Cu20Al10Ni8 alloy in HNO3 acid, and NaCl medium. Elec-
trochemical studies were carried out in 1 N, 6 N and 11.5 N HNO3 by recording open circuit potential–time,
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potentiodynamic polarization, and impedance characteristics. Atomic force microscope was used for ex
situ surface morphology study of the specimens after potentiodynamic polarization in 1 N, 6 N, and 11.5 N
HNO3, and in situ surface morphology study by free immersion of the specimens in both 0.5 M, and 1 M
NaCl solution. The results revealed attaining of steady state noble open circuit potential, wider passive
region, and decrease in transpassive potential (Etranspass) with increase in HNO3 concentration. Surface
morphology in free immersion, and after polarization showed, deep pit propagation in both 0.5 M, and

gress
FM 1 M NaCl solution, and ag

. Introduction

Developed in the early 90s, zirconium based, multi component
ulk metallic glasses (BMGs) are finding increasing applications
ue to their high glass forming ability, high thermal stability
nd improved mechanical properties [1–4]. Corrosion resistance,
hemical stability and oxidation behavior are the properties to
e assessed for its many fold application as structural engineer-

ng components in aggressive corrosive media. Major concerns
or these materials are high pitting susceptibility in chloride con-
aining environment, viability of good mechanical properties, and
rolonged service in the presence of corrosive environment [5–7].
o date significant efforts have been made to evaluate the corro-
ion resistance of zirconium based bulk metallic glass. Gebert et
l. [8] have predicted pronounced selective dissolution of glassy
hase matrix, and poor repassivation ability in chloride contain-

ng environment. Kamachi Mudali et al. proposed a mechanism
y which localized corrosion attack can take place for Zr-based
MGs in chloride medium [5,9,10]. Morrosion et al. [11] have found
ignificant susceptibility of Zr41.2Ti13.8Ni10Cu12.5Be22.5 alloy to pit-
ing in 0.6 M NaCl medium. Zander and Köster [12] have compared

he corrosion behavior of nano-crystaline zirconium glassy alloys
ith crystalline counter parts. Schroeder et al. [13] have reported
arginal improvement in pitting corrosion resistance for Zr-based
etallic glass than its crystallized counterparts in 0.5 M NaCl, and

∗ Corresponding author. Tel.: +91 44 27480121; fax: +91 44 27480301.
E-mail address: kamachi@igcar.gov.in (U. Kamachi Mudali).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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ive surface dissolution in HNO3 medium.
© 2010 Elsevier B.V. All rights reserved.

in situ element specific and time resolved corrosion investigation
by Homazava et al. [14] have predicted high corrosion resistance
for Zr58.5Cu15.6Ni12.8Al10.3Nb2.8 in 1 M HCl, and 1 M HNO3 acidic
media due to change in elemental composition in oxide film. How-
ever, many details are still not available regarding viability of
these structural amorphous materials in aggressive environment,
for application in nuclear industry.

Nuclear fuel reprocessing demands materials that should pos-
sess high corrosion resistance, good mechanical properties, and
long service life for economical extraction of useful radionuclide
from spent nuclear fuel. Nitric acid is used from dilute to con-
centrated, and from room temperature to boiling condition as the
process medium for fuel reprocessing purpose [15]. Besides this, as
most reprocessing plants are located near saline atmosphere, chlo-
ride content in the surrounding environment acts as a life-limiting
factor for many of the structural components. Present generation
of reprocessing plants uses AISI type 304L SS, and its upgraded vari-
eties, titanium and its alloys, and zirconium as structural materials
for nitric acid services. However, problems associated with such
type of materials are many such as, sensitization related corrosion
problems in welds of dissimilar metals, grain boundary dissolution
as well as intergranular corrosion in stainless steel components,
vapor phase corrosion of titanium, and stress corrosion cracking
of zirconium in hot nitric acid [15–19]. All these corrosion related

problems limit the life span of structural materials, and hence has
direct impact on plant production. Thus, the material selection
for fuel reprocessing plant is a tedious on-going process in the
hunt for better materials that can provide longer life to the plant
[15].

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:kamachi@igcar.gov.in
dx.doi.org/10.1016/j.jallcom.2010.05.002
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BMGs being amorphous in nature do not possess grain bound-
ries, and second phase precipitate. Mechanical properties such as
uctility, plasticity and fatigue behavior are comparable to that
f high strength crystalline alloys which are adequate to meet
he stringent manufacturing requirements for various components
n reprocessing plant [20–22]. Main advantage with such type of

aterial lies in that, they can be cast into different shapes and
imensions for critical applications demanding superior corro-
ion resistance, better resistance to cavitation corrosion, erosion
nd wear characteristics [23–25]. Nevertheless, concerns too exist
egarding their thickness for large-scale industrial application.
owever, these materials can find application in combination with

raditional alloys, and work is on progress in this direction for eval-
ating their corrosion resistance, and workability in nuclear fuel
eprocessing environment [26,27].

In the present work an attempt has been made to investigate
he electrochemical properties of zirconium based BMGs of type
r–Cu–Al–Ni–X alloys. Selection of such type of material for nitric
cid applications is due to better passivation property of zirconium
nd aluminum, improved strength due to presence of nickel, and
igh glass forming ability of copper. The addition of X (Ti, Nb) up
o 5 at.% results in significant improvement in corrosion resistance,
owever with increasing addition of Ti and Nb significant reduc-
ion in glass forming ability is also observed [28,29]. Hence, this
lass of material can be ideal candidate material for possible poten-
ial future application in nuclear fuel reprocessing plants. The aim
f present work is to evaluate the corrosion behavior and passi-
ating nature of Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N, and 11.5 N
itric acid, and the pitting susceptibility in 0.5 M, and 1 M NaCl solu-
ion by electrochemical investigations, and surface morphological
tudies.

. Experimental

.1. Specimen preparation

Material chosen for the present study was zirconium based metallic glass alloy
f the composition Zr59Ti3Cu20Al10Ni8 (wt%). Amorphous alloy of the aforemen-
ioned nominal composition was prepared by melting pure elements of purity
9.99% in arc melting furnace on a water-cooled copper mould in a highly puri-
ed argon-gettered atmosphere. The ingots obtained were subsequently remelted
everal times to obtain compositional homogeneity, and to control the impurities
specially oxygen. Glassy ribbons of thickness 40 �m, and 5 mm width were pre-
ared from the arc-melted pre alloy using single roller melt spinning under argon
tmosphere. The details of the equipments involved, and preparation conditions of
he alloy can be found elsewhere in Ref. [30].

.2. Thermal and microstructural analysis

The thermal behavior, and microstructural analysis of glassy ribbons prepared
ere characterized using differential scanning calorimetry (DSC), and X-ray diffrac-

ion (XRD). The thermochemical parameters such as glass transition temperature
Tg), under-cooled region (�T) were examined using a PerkinElmer DSC7 differential
canning calorimetry at a heating rate of 40 K/min in purified argon flow. Separate
SC scan was carried out for three different samples weighing about 5 mg by cutting

rom glassy ribbon. The amorphous nature of the prepared samples was examined
sing a Philips PW 1050 X-ray diffractometer with CuK� radiation (� = 1.5418 Å)
ith scattering angle (2�) between 25◦ and 65◦ .

.3. Electrochemical investigations for corrosion study

The specimens for electrochemical studies were prepared by polishing
mm × 5 mm glassy ribbon samples mechanically with 1200 grade emery paper

SiC), and then polished in 1 �m alumina paste. All the specimens after polishing
ere ultrasonically cleaned in acetone, and then with double distilled water.

Electrochemical investigations were carried out in 1 N, 6 N, and 11.5 N HNO3

sing three-electrode electrochemical cell consisting of Pt counter electrode,

g/AgCl reference electrode, and sample as working electrode for studying open cir-
uit potential (OCP) versus time, electrochemical impedance, and potentiodynamic
olarization behavior. The samples were mounted in a probe holder with adhesive,
xposing the top surface inside the test solution. Special care was taken to prevent
eeping of electrolyte to the interface of sample, and probe holder by filling the gap
ith an organic resin, and tightly covering with Teflon tape. The electrochemical
Compounds 503 (2010) 50–56 51

test solution was prepared form analytical grade chemical reagent with double dis-
tilled water. All the electrochemical potential mentioned here are with respect to
standard Ag/AgCl reference electrode.

OCP-time measurement provides insight into the instantaneous electrochem-
ical process occurring in the alloy surface without any external disruption, and is
important for determining tendency of materials to free corrosion. For the present
study, free corrosion potential was obtained by immersing the samples for 1 h with-
out any electrochemical control. Five set of experiments were carried out in each
of the above mentioned test solutions to check the reproducibility. Electrochemical
impedance analysis was carried out using Solartron 1255 Frequency Response Ana-
lyzer (FRA) combined with Solartron 1287 electrochemical interface after steady
open circuit potential condition was attained. EIS measurement was carried out in
the frequency range of 0.1 Hz to 105 Hz with 10 points per decade by applying oscil-
lating potential having 5 mV amplitude. The impedance responses obtained over
the applied frequency range were analyzed by Nyquist plot. The EIS results were
interpreted by using two different equivalent circuit models of [Rs (Cdl||RP)] and [Rs

(C1||R1) (C2||R2)] for fitting and analyzing the impedance spectra. Where Rs is the
solution resistance, Cdl is the double layer capacitance, C1 and R1 are the film capac-
itance and film resistance, and C2 and R2 is the interfacial process of double layer
capacitance and charge transfer resistance, respectively. In 1 N and 6 N nitric acid
only one time constant was observed hence the equivalent circuit arrangements
[Rs (Cdl||RP)] was used. However, in 11.5 N nitric acid since two time constant was
observed, the equivalent circuit model of [Rs (C1||R1) (C2||R2)] was used for fitting
impedance data. The selection of these circuit elements was a compromise between
a reasonable fitting of the experimental value and minimum components involved
in the equivalent circuit.

After analyzing open circuit potential, and electrochemical impedance, poten-
tiodynamic polarization test was carried out in aforementioned nitric acid solutions
at room temperature using Solartron 1287 electrochemical interface associated
with standard three-electrode cell. The electrode potential was ramped at a rate
of 0.1667 mV/s from 0.4 V up to 1.6 V. Five sets of experiments were conducted in
each solution, and all the polarization plots were almost reproducible. The electro-
chemical solution used for the tests was not de-aerated as the experiments were
carried out in simulated plant condition. From the polarization study quantitative
values of corrosion related parameters such as corrosion potential (Ecorr), corro-
sion current density (Icorr), passive current density (Ipass), and transpassive potential
(Etranspass) were obtained to understand the propensity of glassy amorphous mate-
rial to passivation, and corrosion susceptibility. Tafel like regions cannot be seen
clearly in the present polarization plots. The quantitative values of corrosion related
parameters were obtained by fitting Tafel lines in linear segments of current–voltage
curve within 100 mV of corrosion potential. During potentiodynamic polarization,
the potential at which there was a monotonic increase in the anodic current exceed-
ing 25–100 �A in aforementioned nitric acid solution was termed as the transpassive
potential (Etranspass). The values given for the above corrosion related parameters
are the mean value of all the experiments conducted in a particular solution with
mentioned standard deviation.

2.4. Surface morphology study by AFM

Surface morphology investigations of the as polished sample, in situ study by
free immersion in 0.5 M, and 1 M NaCl solutions, and ex situ study after anodic
polarization tests were carried out using NT-MDT (Molecular Devices and Tools
for Nano Technology) make atomic force microscope (Solver ProEC). Prior to sur-
face morphological measurements, the scanner was calibrated by standard grating,
and reference images of the sample were taken at different locations of the sam-
ple to ensure the surface homogeneity. The in situ morphology study in sodium
chloride solution without any electrochemical control was carried out by using a
special cell made up of titanium having volume capacity of 2 ml. Samples having size
5 mm × 5 mm were kept fixed by pressing two clips made up of platinum inside the
solution, and the topography was continuously monitored at an interval of 30 min to
detect morphological changes occurring on the surface over time. The experiment
was repeated three times in both the concentrations of the sodium chloride solution
to average out the surface morphology. For ex situ morphological study after poten-
tiodynamic polarization in nitric acid, the samples were immediately removed from
holder once the experiment was over, ultrasonically cleaned with double distilled
water, dried and examined. Several topographic images were collected for each of
the polarized samples at different locations to examine the surface uniformity. All
the measurements were carried out in semi-contact mode using standard conical
silicon tip attached to cantilever having force constant 5 nN/m with frequency range
from 50 Hz to 150 Hz in ambient condition. The typical curvature of radius of tip is
10 nm, and the cone angle is less than 22◦ .

3. Results and discussion
3.1. Physical characterization

The results obtained for physical characterization of
Zr59Ti3Cu20Al10Ni8 alloy using DSC are shown in Fig. 1. DSC
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ig. 1. DSC scan for a melt-spun amorphous Zr59Ti3Cu20Al10Ni8 alloy sample
ecorded at a heating rate of 40 K/min.

rofile marked the presence of glass transition (Tg) followed by
wo crystallization peaks Tx1(onset) and Tx2 (onset) during heating
t 40 K/min. The glass transition, and two crystallization peak
emperatures were found to be occurring around 416 K, 468 K
nd 485 K, respectively. The super-cooled region (�T = Tx1 − Tg)
alue was found to be 52 K indicating stability of glass transition
egime. The variation in the transformation temperatures for glass
ransition, and crystallization peak temperature was found to be
ithin the range of ±4 K at a constant heating rate of 40 K/min

or three different samples. The occurrence of two crystallization
eaks is an indicative of successive formation of different phases.
he XRD pattern of Zr59Ti3Cu20Al10Ni8 alloy showed only broad
pectrum indicating amorphous nature (Fig. 2).

.2. Open circuit potential–time measurement
The open circuit potential (OCP) versus time plots during the
mmersion for 1 h in 1 N, 6 N, and 11.5 N nitric acid medium are
hown in Fig. 3. The OCP attained noble and steady state in all con-
entration of nitric acid just after immersion indicating stable, and
apidly forming passive film. Noble OCP value in all concentrations

Fig. 2. XRD profile of Zr59Ti3Cu20Al10Ni8.
Fig. 3. Open circuit potential of Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N, and 11.5 N HNO3.

of nitric acid is ascribed to thick natural oxide layer of zirconium
and aluminum (ZrO2, Al2O3) forming barrier type passive film [8].
The OCP value shifted towards less noble value with increase in
nitric acid concentration. The lower OCP value observed at higher
concentrations is attributed to the higher oxidizing power of nitric
acid leading to less stable passive film on the surface. Structural
heterogeneities such as micro-pores, and nano-voids do exist in
amorphous glassy materials, where passive film is largely non-
homogenous. These regions are of high energy, and are the weaker
regions providing assessable sites for the initiation of passive film
dissolution. As a result, not only the passive film is unstable in these
regions, but also susceptible to rupture leading to its breakdown.
Cumulative effect of the above processes can lead to an unstable
passive film, and hence the observed trend in shift of open circuit
potential value in different concentrations of nitric acid.

3.3. Potentiodynamic polarization results
The results for potentiodynamic anodic polarization study in
1 N, 6 N, and 11.5 N nitric acid are as shown in Fig. 4. The polariza-
tion plots did not revealed any active-passive transition behavior
as without showing any active peak it translated into passive

Fig. 4. Potentiodynamic polarization plots for Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N,
and 11.5 N HNO3.
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Table 1
Polarization parameters of Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N and 11.5 N HNO3.

Nitric acid concentration ECorr

V vs Ag/AgCl
ICorr

(�A/cm2)
IPass

(�A/cm2)
Etranpass

V vs Ag/AgCl

5.5 × 101 1 × 102 1.4
1.4 × 102 2.5 × 102 1.3
3 × 102 4 × 102 1.1
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1 N HNO3 0.68
6 N HNO3 0.63
11.5 N HNO3 0.57

egion followed by transpassive regime in all the concentration of
est solution. All the corrosion related parameters obtained from
he polarization plots (Ecorr, Icorr, Ipass and Etranspass) are shown
n the Table 1. As mentioned earlier the values are mean of all
he experiments conducted in a particular solution, and the stan-
ard deviation for the Ecorr, Icorr, Ipass and Etranspass in all the
oncentrations are within ±15 mV, ±10 �A/cm2, ±20 �A/cm2 and
25 mV, respectively. In 1 N nitric acid the polarization curve exhib-

ted wider passive range with low passive current density, and
igher transpassive potential. At higher concentrations of nitric
cid (6 N, 11.5 N) the passive range narrowed down with decrease
n transpassive potential, and increase in passive current density.
n 11.5 N nitric acid concentration the polarization curve revealed
second passive region which is an indicative of change in passive
lm property due to auto-catalytic reduction of nitric acid at higher
oncentration [15,17].

Surface analysis by Gebert et al. [8,31] using auger electron
pectroscopy (AES) for similar BMG alloy has shown the existence
f natural oxide layer mainly consisting of ZrO2 and small quan-
ity of Al2O3 having thickness of 8–10 nm. The decrease in passive
urrent density as well as transpassive potential depends upon
he homogeneity of passive film which in turn depends upon the
lectrochemical environment. As the concentration of nitric acid
ncrease, the oxidizing nature of the electrochemical test solu-
ion also increases leading to dissolution of passive film as well
s change in the chemical state of the alloying elements which
n turn alters the nature of passive film. At higher concentrations
f nitric acid (11.5 N) appearance of second passive region indi-
ates conversion of metastable passive film to a less protective
lm. Polarization study carried out by Kamachi Mudali et al. [9]

n acidic media has also revealed the existence of second passive
egion suggesting alteration in chemical composition of oxide layer
ithin the passive film. The change over of passive film prop-

rty is due to selective oxidation of its alloying element in acidic
nvironment leading to formation of corrosive products on the
urface. Nevertheless, structural heterogeneities such as nano-size
rystallites, nano-phase precipitates and various types of multi-
hase particles engrafted in amorphous material makes the passive
lm weaker by reducing metal–oxide bonding capability. Compar-
tive study made by Chieha et al. [32] on corrosion resistance of
r52.5Cu17.9Ni14.6Al10Ti5, and 304L stainless steel in different acidic
edia revealed the better corrosion resistance for zirconium based

MGs as compared to 304L stainless steel. In 1 N HNO3, and 1 N
2SO4 these alloys exhibited wider passive region, and lower pas-

ive current densities confirming the easily attained passive nature.
.4. Electrochemical impedance analysis

The Nyquist plots during electrochemical impedance analysis
nder open circuit potential condition in 1 N, 6 N, and 11.5 N HNO3

able 2
IS fitted value of Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N and 11.5 N HNO3 measured at OCP c

Nitric acid concentration RS (� cm2) Rp (� cm2)

1 N HNO3 0.22 2162
6 N HNO3 0.58 892
11.5 N HNO3 1.17 10.1(R1)
Fig. 5. Nyquist plot for Zr59Ti3Cu20Al10Ni8 alloy in 1 N, 6 N, and 11.5 N HNO3.

are shown in Fig. 5. As can be seen from the plots, distinct difference
was observed depending upon the nitric acid concentrations indi-
cating differences in the stability of passive film. All the Nyquist
plots showed unfinished semi-circular arc, and the polarization
resistance and double layer capacitance obtained by fitting in indi-
vidual concentration are shown in Table 2. In 1 N HNO3 higher
polarization resistance, and lower double layer capacitance were
observed as compared to 6 N, and 11.5 N HNO3. The higher polariza-
tion resistance in impedance spectra is consistent with polarization
behavior of low passive current density, and higher transpassive
potential in 1 N HNO3. High value of RP in lower concentration
of nitric acid is an indication of good passive film stability, and
is due to less diffusion of ionic species or less charge transfer,
and their accumulation across the film–solution interface. How-
ever, in 11.5 N HNO3 two time constant capacitive loops were
observed in consistent with two passive region in polarization
curve, both are at low frequencies and the value of polarization
resistance was much lower as compared to 1 N and 6 N HNO3. The
lower value of polarization resistance, and occurrence of two time
constants in 11.5 N HNO3 are attributed to higher charge trans-
fer across the film–solution interface due to catalytic oxidation of
alloying elements in the passive film. Oxidation of alloying ele-
ments such as Zr(II), and Al(III) due to catalytic reduction of nitric

acid can change the passive film character leading to less stable
passive film at higher concentration of nitric acid. The occurrence
of two time constants is unique feature of change in passive film
property.

ondition.

Cdl (F/cm2)

9.82 × 10−5

8.32 × 10−4

45(R2) 1.6 × 10−6(C1) 3.10 × 10−4(C2)
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Fig. 6. Surface morphology of Zr59Ti3Cu20Al10Ni8 (a) as polished, (b

.5. Ex situ and in situ study of surface morphology by AFM

The surface morphology study for pitting corrosion in 0.5 M,
nd 1 M NaCl in free immersion conditions, and morphologi-
al examination after anodic polarization in 1 N, 6 N, and 11.5 N
NO3 were carried out using atomic force microscope. Fig. 6

hows the surface morphology of (a) as polished alloy surface,
b) surface topography in 0.5 M NaCl after 10 h of immersion,
nd (c) after 7 h of immersion in 1 M NaCl, respectively. The sur-
ace morphology studies revealed the process of pit initiation,
heir growth, and propagation over the alloy surface. The pit mor-
hology altered with time starting from pit nuclei initiation, and
hannel like propagation in a river flow manner in the same
irection (Fig. 6(b)) to the homogenous growth in pit morphol-
gy (Fig. 6(c)) at higher concentration of sodium chloride solution
1 M NaCl). In Zr-based amorphous BMGs, propensity to pitting is
localized phenomenon mainly due to chloride ion, and mostly

ccurring at the surface defects such as inhomogenities formed
uring casting process, bimetallic phases, and defects generated
uring mechanical sample preparation. Once pitting initiated, it
ropagates by selective dissolution of less noble metals (Zr, Al)
ue to auto-catalytic reaction with chloride ions giving the appear-

nce of dip channel like pit as observed in Fig. 6(b) [5,10]. Surface
nvestigation using AES regarding the elemental analysis of pas-
ivated, and corroded regions has revealed the enrichment of
u beneath the passive layer. Moreover, compounds of Cu and
l have been detected in pit bottom which makes the passive
of immersion in 0.5 M NaCl, and (c) 7 h of immersion in 1 M NaCl.

film weaker, giving preferential bias to aggressive ions [33]. As
compared to 0.5 M NaCl, in 1 M NaCl the observed pit propaga-
tion is well ordered, and in similar nature with each pit growing
from the next leaving a microspace in between. The homogenous
nature of growth is an indication of dependence of pit growth with
time of immersion as well as concentration of sodium chloride
solution.

The surface morphology of Zr59Ti3Cu20Al10Ni8 alloy after anodic
polarization in 1 N, 6 N, and 11.5 N HNO3 are as shown in
Fig. 7(a)–(c). The morphological features after polarization in dif-
ferent nitric acid media revealed roughening of surface in 1 N
HNO3 (Fig. 7(a)), to uniform surface dissolution in 6 N HNO3
(Fig. 7(b)), to aggressive surface dissolution giving the appear-
ance of trench like structure in 11.5 N HNO3 (Fig. 7(c)). The extent
of surface dissolution depends on the protecting power of the
oxide film as well as the concentration of nitric acid medium. In
1 N HNO3 the observed surface roughening, and lack of surface
dissolution process indicates greater passive film stability over
a wide potential region at lower concentration. The minor sur-
face roughening observed can be due to inhomogenities present
on the surface. In 6 N HNO3 the morphology became more irreg-
ular with prominent dissolution and formation of mound like

surface due to lower transpassive potential, and higher anodic
process catalyzed by nitric acid [34]. The surface topography of
the alloy after anodic polarization in 11.5 N HNO3 showed strong
selective dissolution with the formation of trench like surface
morphology.
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Fig. 7. Surface morphology of Zr59Ti3Cu20Al10Ni8 after potentiody

. Conclusions

The following are the major conclusions from the present study
n “Electrochemical and surface investigation of zirconium based
etallic glass Zr59Ti3Cu20Al10Ni8 alloy in nitric acid and sodium

hloride media”.

. The open circuit potential–time measurements in 1 N, 6 N, and
11.5 N HNO3 showed stable passive film formation. The decrease
in OCP value with increase in nitric acid indicates dependence of
film stability upon nitric acid concentrations.

. The potentiodynamic polarization results showed decrease in
transpassive potential with increase in nitric acid concentration
indicating lower corrosion resistance at higher concentration of
nitric acid.

. Electrochemical impedance analysis showed good passive film
stability in 1 N, and 6 N nitric acid, however in 11.5 N nitric acid;
Nyquist plot showed two time constants which is distinct feature
of change in passive film property in oxidizing environment of

nitric acid.

. In situ surface morphology study by AFM in 0.5 M NaCl, and 1 M
NaCl showed pit nuclei initiation, and their growth indicating
susceptibility of Zr59Ti3Cu20Al10Ni8 to pitting in chloride con-
taining environment.

[

c polarization in (a) 1 N HNO3, (b) 6 N HNO3, and (c) 11.5 N HNO3.

5. Surface morphology after potentiodynamic polarization showed
surface roughening, corrugated surface morphology, and uni-
form surface dissolution of the alloy depending upon nitric acid
concentration.
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