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Achieving electrochemical and mechanical
stability in a lightweight titanium alloy

Jixun Zhang1,2,6, Jianyang Zhang1,3,6, Weicheng Xiao1, Xier Luo1, Xia Li1, Na Li1,
Hong Luo 4, Peter K. Liaw5 & Tao Yang 1,2,3

Titanium alloys represent a promising material in marine applications, focus-
ing on high-stakes environments where their corrosion resistance and high
specific strength offer significant benefits. However, they can still be vulner-
able to localized corrosion, such as pitting corrosion and stress corrosion
cracking, in the presence of aggressive chlorides. Here we report a lightweight
titanium alloy that addresses these issues through conventional casting and
thermal-mechanical processing. The alloy can generate a passive film showing
distinct but stable electrochemical responses. It is found that the reaction of
the passive film can shift from the slow accumulation in the passive region, to
the rapid buildup of passive layers in extreme anodic potentials. Conse-
quently, the alloy exhibits a pitting potential above 10 VSCE without being
subjected to localized corrosion. Meanwhile, mechanical reliability is also
achieved during stress corrosion tests, owing to the fast repair of the passive
film that substantially constrains the crack propagation. Such virtual immunity
to seawater corrosion qualifies this titanium alloy as a potential candidate for
long-term cost savings and sustainability.

Titanium alloys have outstanding application prospects in various
industries ranging from aerospace to marine engineering, offering the
advantages of high specific strength and corrosion resistance. Their
weight-saving feature is crucial to meet the global demand for eco-
nomic efficiency, which however, is challenged by material degrada-
tion due to environmental corrosion during their practical service1–4.
Among various service conditions, seawater is the most common and
global environment where corrosion, erosion, and maintenance
remain the primary concern5,6. Compared with other major alloy
classes, titanium alloys demonstrate higher resistance to seawater,
attributed to the high affinity between titanium and oxygen7,8. Nowa-
days, titanium alloys are playing important parts in the marine indus-
try, driven by the economic benefits of service reliability and reduced
maintenance. For structural use, such as shipbuilding and naval tech-
nologies where high strength and corrosion resistance are of decisive

importance, state-of-the-art Ti alloys, including TC4, TC4 ELI, and PT-
3V, are increasingly used in the construction of marine objects9–11. For
functional applications, titanium and its alloys, including pure Ti, TC4,
and Ti-Pd, are leading candidates in technologies like heat exchangers
for ocean thermal energy conversion, offering plant lifespans
exceeding 30 years12–14. As titanium alloys are gaining significant pro-
portion in marine industries, a major cost can be saved by improving
the corrosion resistance, thereby reducing or eliminating corrosion-
related maintenance issues15.

The primary corrosion challenges faced by titanium alloys include
pitting corrosion, galvanic corrosion, and stress corrosion cracking
(SCC)7,16. Titanium alloys are electrochemically susceptible to aggres-
sive environments with high halide concentrations, such as seawater
with elevated chloride ion (Cl⁻) levels that promote the localized dis-
solution of passive films on the alloy surface17,18. This process results in
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high pitting susceptibility of alloys, such as the commercial TC4 and
NiTi alloys19–22, which is generally considered the main failure mode of
corrosion in aggressive environments23. Electrochemical corrosion can
also be accelerated by galvanic corrosion, especially in titanium alloys
with dual β and α structures to form galvanic cells7,24. Additionally,
materials in deep-sea environments inevitably have significant risks of
SCC due to the combined effect of high hydrostatic pressure and
corrosive conditions. The nucleation and propagation of microcracks
under SCC compromise the reliability of materials and eventually lead
to catastrophic fractures25,26. Titanium alloys and other commercial
alloy classes, including stainless steels, aluminum alloys, and bronzes,
have been demonstrated to be susceptible to SCC in seawater3,7,27–31.
Mechanical performance influenced by SCC often exhibits reduced
strength and ductility, leading to unpredictable structural failure and
making this vulnerability a very crucial issue. Therefore, improving the
anti-corrosion performance and SCC resistance of titanium alloys
means the benefits of long-term service cost economy and
reliability7,12.

In the present work, we developed a lightweight titanium-based
alloy (Ti82.19V12.5Al3.5Fe0.8Hf1B0.01, at.%) with a mass density of ~4.72 g/
cm3 and a chemically homogeneous triple-phase structure to enhance
both electrochemical and mechanical stability. The alloy exhibited
distinct but stable electrochemical behavior in the seawater-like solu-
tion (3.5 wt.% NaCl solution) during potentiodynamic polarization
tests. The passive filmwas observed to slowly accumulate from several
nanometers to tens of nanometers in the passive region. When the
polarization reached the second passive region with extreme anodic
potentials, the reaction shifted to the rapid buildup of passive layers,
eventually forming a protective barrier with a thickness of ~600nm
coated on the alloy surface. Such resilient passivation enabled excel-
lent electrochemical stability of the alloy, giving rise to an unprece-
dented pitting resistance above 10 VSCE. More importantly, due to its
rapid passivation ability, the alloy also exhibited strong resistance to
SCC in 3.5wt.% NaCl solution. Microcracks nucleated but their pro-
pagation was substantially constrained, retaining the alloy’s tensile
strength with minimal loss of ductility. This remarkable synergy of
electrochemical and mechanical stability will enhance the robust
application of this titanium alloy in marine industries.

Results and Discussion
Microstructure of the TiV-based alloy
We first fabricated the TiV-based alloy with a refined grain structure
through multi-step processing of cold rolling and intermediate
annealing. Tominimize the impact of chemical discontinuities that can
promote localized corrosion, we designed a metastable β-Ti compris-
ing other athermal phases. As shown in Fig. 1a, the alloy has a dual-
phase structure consisting of the β-Ti and α“martensite phases. It can
be seen that equiaxed β-Ti grains and the needle-shaped α“ plates
constitute the basic microstructural morphology of the material
(Fig. 1b–d). When examined using transmission electron microscopy
(TEM), in addition to the typical β and α“ phases (Fig. 1e), athermal ω
precipitates were also revealed and found dispersing evenly in the β
phase matrix (Fig. 1f, g). The ω phase was introduced during the
quenching process associated with the athermal transformation, sug-
gesting the absence of galvanic cells that could promote the localized
dissolution of passive films. This is evidenced in the energy dispersive
spectrometer (EDS) mapping in Fig. 1h, where no distinct elemental
segregation is found in ω particles7,24,32.

Resistance to electrochemical corrosion
Figure 2a shows the potentiodynamic polarization curve of the TiV-
based alloy in 3.5wt.% NaCl solution, with the commercial TC4 (Grade
5) andNiTi (Ni50.6Ti49.4, at.%) alloys displayed for comparison. The TiV-
based alloy has slightly lower corrosion potentials (Ecorr) compared to
the TC4 alloy but is higher than that of the NiTi alloy. In terms of

current density, however, it can be seen that the TiV-based alloy is
most distinguished by having the lowest corrosion current density
(icorr) as well asmuch reduced passivation current density (ipass) during
the passive region, suggesting its much slower corrosion rate33. Fol-
lowing the passive region, the NiTi and TC4 alloys exhibit low pitting
potential (Epit) of ~0.2 VSCE and ~1.7 VSCE, respectively. This is attributed
to the early breakdown of the passive film and accordingly, corrosion
pits are observed on the surface of NiTi and TC4 alloys, confirming
their deteriorated localized corrosion (Supplementary Fig. 1)34. In
strong contrast, the passive region of the TiV-based alloy extends to
~4.5 VSCE and is then followed by a second passive region with superb
electrochemical stability. During the second passive region, the cur-
rent density restores ultimate stability and is maintained at a very
stable value, without exhibiting any pitting or metastable pitting
behavior throughout the polarization process. Consequently, the alloy
demonstrates an unprecedented pitting resistance above 10 VSCE. As
shown in Fig. 2b, in addition to the very low value of icorr, the pitting
resistance of the TiV-based alloy shows a substantial advantage over
other existing alloy classes for marine applications, such as Ti
alloys19,35–37, stainless steels38–41, Ni-based alloys42,43, metallic glasses44,45,
Al alloys46,47, Cu alloys48,49, and high entropy alloys50–56. Such electro-
chemical stability suggests the compact characteristic of the passive
film and its stable growth during the electrochemical corrosion pro-
cess. As the passive film grew and thickened, it became macro-
scopically visible and eventually coated on the alloy surface, without
forming any pit that accelerated localized corrosion (Fig. 2c). This
virtual immunity to seawater holds great potential for long-term ser-
vice in marine or other aqueous environments. Details for the elec-
trochemical parameters, including Ecorr, icorr, and Epit, are summarized
in Table 1.

To unveil underlying reasons associated with the superior corro-
sion resistance in the TiV-based alloy, we subsequently studied the
impedance behavior of the three alloys after open circuit potential
(OCP) stabilization (Supplementary Fig. 2). In addition to the typical
impedance features that support the superior corrosion resistance in
the TiV-based alloy (e.g., the substantially larger Nyquist semicircle,
higher phase angle, and more ideal capacitive response), simulated
impedance behavior and the fitting results show that the TiV-based
alloy has an electrical equivalent circuit (EEC) with only one time-
constant, representing a monolayer of the compact passive film57,58

(Supplementary Fig. 3). The EECs of the TC4 and NiTi alloys, on the
other hand, are made of multi-layers structures that generally include
outer porous layers59,60. According to the electrochemical impedance
spectroscopy (EIS) fitting results in Supplementary Fig. 2 and Supple-
mentary Table 1, the passive film resistance (R) of the TiV-based alloy is
at least one order of magnitude higher than that of the TC4 and NiTi
alloys, indicating its more protective (electrochemically stable) film.
Therefore, it is suggested that the structural difference and resistance
of passive films contribute to the distinct electrochemical behavior of
the three alloys. Details of the impedance behavior and simulation are
discussed in Supplementary Note 1.

To our knowledge, few literature reports any alloy capable of
withstanding anodic potential up to 10 VSCE in 3.5 wt.% NaCl without
suffering localized corrosion. Correspondingly, there is a very limited
understanding of how the passive film reacts to extreme corrosion
potentials. Aiming to study the passive film development during the
electrochemical corrosion process, we first carried out TEM investi-
gation to elucidate the structure of the passive film. Figure 3a shows a
typical high-resolution TEM (HRTEM) of the sample potentiodynami-
cally polarized to 2 VSCE, revealing detailed structural information
about the passive film and its adjacent layers. According to the con-
trasts of different layers and their corresponding fast Fourier trans-
form (FFT) patterns, four well-characterized layers containing the β-Ti
matrix, passive film, and nanocrystalline Au/Pt layers can be identified
(Fig. 3b). The beamdirection was taken along <0 0 1>β, showing a clear
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crystallographic arrangement of the β-Ti matrix. An amorphous layer
with a thickness of ~10 nm, attaching to the β-Ti substrate, is identified
as the passive film. The amorphous characteristic of the passive film is
due to themassive dissolution of oxygen atoms, resulting in the loss of
crystallographic information compared to the perfectly periodic
arrangement in the β-Ti matrix61.

Having understood the amorphous characteristic of passive films,
we next conducted detailed investigations on the evolution of passive
films, which were potentiodynamically polarized to various potentials
ranging from 1 VSCE to 10 VSCE. Figure 3c shows the TEM BF images of
passive films anodically polarized to different potentials, revealing
their steady growth with the increasing potential. At the early stage of
the passive region (such as 1 VSCE), the passive film had a thickness of
~5 nm. When the polarization potential rose to 3 VSCE, the passive film
thickness slowly grew to ~30 nm. Remarkably, as the corrosion process
reached the second passive region at the potential of 6 VSCE, the pas-
sive filmwas piled up to ~360nm, whichwas found to build up layer by
layer. The result suggests that the rapid buildup of the passive layers
can prevent the breakage of the passive barrier at high anodic poten-
tial, thereby suppressing the occurrence of localized corrosion.

Ultimately, thepassivefilm thickness grew to ~600 nmas the corrosion
potential reached 10 VSCE, with its characteristic layered structure
remaining intact, indicating its superb electrochemical stability. The
elemental distribution in Supplementary Fig. 4 shows a clear enrich-
ment of O and a small amount of Ti andV in the passive layers, forming
a thick barrier of Ti/V oxides coated on the matrix to protect against
the high-potential corrosive environment. Figure 3d shows the statis-
tical histogram of the passive film thickness at various polarization
potentials. It can be seen that the passive film thickened slowly during
the first passive region, and then accumulated dramatically during the
second passive region. The result suggests that the pitting corrosion is
prevented by the resilient electrochemical responses, from the steady
growth of the passive film during the first passive region, to the rapid
buildup of passive layers in the second passive region. Consequently,
the passive films exhibit different morphologies, from the uniform
passive film to the layer-structured passive barrier. We subsequently
conducted Mott-Schottky tests to make qualitative analysis of these
two passive structures (Supplementary Note 2). Despite the morpho-
logic difference, they exhibit virtually identical semiconductor fea-
tures (Supplementary Fig. 5). Additionally, by estimating the slope of
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Fig. 1 | Microstructure of the TiV-based alloy. aX-ray diffraction (XRD) spectrum.
b–d Electron back-scattered-diffraction (EBSD) images (inverse pole figure (IPF)
and image quality (IQ)) showing the overview of microstructures. The average
confidence index (CI) for (b–d) is 0.5087, 0.5715, and 0.1886, respectively. e TEM
bright-field (BF) image. f Selected area electron diffraction (SAED) of the area
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h EDSmapping of (g) showing compositional homogeneity of the material. Source
data for (a) are provided as a Source data file.
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linear portions in the n-type and p-type semiconductor responses, the
layer-structured passive barrier is generally found to have lower donor
and acceptor densities, indicating its fewer point defects and better
capability to withstand extreme anodic potentials62. From an in-depth
microstructural perspective, the passive layers at 6 VSCE display a
mixture of amorphous and nanocrystalline structures, in contrast to
the amorphous structure at 3 VSCE (Supplementary Fig. 6). This indi-
cates that higher anodic potentials accelerate the kinetics of structural
ordering, resulting in a different passivation process involving loca-
lized crystallization and the appearance of a second passive region.
This crystalline character has been reported to enhance the protec-
tiveness of passive films63,64.

It is well-known that the chemical composition and elemental
valence state of the passive film are closely related to the corrosion
resistance of alloys. Therefore, the passive film properties of the TiV-
based alloy were characterized using X-ray photoelectron spectro-
scopy (XPS), as shown in Fig. 4. To reveal the origin of its superb
corrosion resistance, a passivated NiTi alloy was also prepared for
direct comparison. The TiV-based and NiTi specimens were poten-
tiostatically polarized in the passive region at 0.8 VSCE and 0 VSCE,
respectively, which were slightly higher than their respective Ecorr
(Fig. 2a). Figure 4a shows the potentiostatic polarization curves of the
alloys. The current densities of the two alloys exhibit no significant
difference, decreasing to below 5 × 10-7 A/cm2 by the end of the
polarization to forma stablepassivefilmon the alloy surface. Figure 4b

shows the XPS spectrum of the TiV-based alloy, giving detailed infor-
mation on peak positions and the proportion of valence states for
individual elements. The fitting results show that the O 1 s spectrum
decomposes to O2- in oxide species and OH- in hydroxides, which
account for 87.3% and 12.7% of the O 1 s peak intensity, respectively.
Other elements primarily exist as metallic oxides, which have bene-
ficial effects on corrosion resistance. The cationic composition of the
passive film, summarized in the bar graph at the bottom of Fig. 4b,
indicates that TiO2, Vox

3+/ Vox
5+ oxides, and Al2O3 collectively make up

nearly 99% of the film. These findings are further supported by the
formation energy of metallic oxides calculated in Supplementary
Fig. 7, where Al2O3 and Vox

3+/ Vox
5+ oxides have the lowest Gibbs free

energy, and TiO2 contributes as the primary component due to the
dominant titanium content. Consequently, the passive film, with a
thickness of ~10 nm, is oxygen-enriched and shows a detectable dis-
tribution of Ti, V, andAl, confirmed by theHRTEMand EDS scanning in
Supplementary Fig. 8. In strong contrast, the XPS results of the NiTi
alloy in Fig. 4c reveal a significantly higher proportion of OH- in the O
1 s spectrum, reaching 48.5%. This excessive OH- is linked to the for-
mation of Ni hydroxide, accounting for 23.48% in the Ni 2p spectrum.
Nometallic hydroxide, on the other hand, is identified in the TiV-based
alloy. High concentrations of metallic hydroxides are known to
destabilize the passive film and reduce corrosion resistance62,65,66. The
absence of metallic hydroxide in the Ti-V alloy, therefore, contributes
to its superb electrochemical stability. Additionally, metallic states,
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such as V0 and Ti0, are identified in the passive film of both alloys.
These metallic states are typically derived from the alloy substrate,
suggesting an ultrathin passive film or lower O content beneath the
passive surface67,68.

Resistance to SCC
The mechanical reliability of the TiV-based alloy in 3.5wt.% NaCl
solution was investigated by slow strain-rate tensile (SSRT) experi-
ments, as shown in Fig. 5. The SSRT tests in air were also conducted to
elucidate the influence of the aggressive environment. It can be seen
that the mechanical properties, including the critical stress for the
double yielding and the ultimate tensile strength (UTS), exhibit no
significant differencebetween the twoenvironments (Fig. 5a). Notably,
alloys in both environments retained the same UTS of ~860MPa,
strengthened by the stress-inducedmartensitic transformation from β
to α“ and precipitation strengthening from the ω phase. Meanwhile,
the total elongation (TE) of the alloydecreasedbyonly ~2.3% in 3.5 wt.%

NaCl solution, from ~29.2% to ~26.9%. The SCC specimen exhibits a
ductile fracturemode, as evidenced by the fracture surface containing
abundant and uniform dimples (inset of Fig. 5a). By maintaining the
high strength along with a minimal loss of ductility, the alloy demon-
strates superior resistance to SCC compared to other commercial
alloys formarine applications, including the standard TC4 and TC4 ELI
alloys commonly employed in shipbuilding industries (Supplementary
Table 2). When examining the sample surfaces, typical microcracks
due to SCC are found distributing occasionally on the gauge surface
(Fig. 5b, c), whereas the tensile specimen tested in air shows no pre-
sence of developed microcracks (Supplementary Fig. 9). The cross-
sectional analysis indicates that the maximum crack depth on the
gauge surface is ~12μm(Fig. 5d), significantly less than the thickness of
the SCC specimens. The results suggest that the microcracks have a
very limited effect on the alloy’s ductility due to their constrained
propagation.

It is well-documented that SCC behaves in a hierarchical manner
of crack initiation, growth, and propagation69,70. Cracks generally
initiate at sites with surface or chemical discontinuities, such as cor-
rosion pits, grain boundaries, and slip bands71–75. Guaranteed by the
superb electrochemical stability and chemical homogeneity of the TiV-
based alloy, potential crack-nucleating sites, such as the corrosion pits
and grain-boundary corrosion, were inhibited (Fig. 2). Instead, trans-
granular SCC initiated at the slip bands, where the emergence of slip
steps disrupted the passive film, exposing the fresh and reactive sub-
strate material for crack initiation (Fig. 5c). In such a case associated
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Table 1 | Electrochemical parameters of the TiV-based, TC4,
and NiTi alloys

Alloys Ecorr (VSCE) icorr (nA/cm2) Epit (VSCE)

TiV-based alloy −0.263 13.9 > 10

TC4 alloy −0.206 417.7 1.685

NiTi alloy −0.354 574.5 0.245
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with the micro-cleavages, a typical film-induced cleavage model is
generally used to describe the propagation of transgranular
SCC29,72,73,76. This model suggests that when a crack nucleates and
attains a velocity to advance toward the underlying substrate, it
becomes progressively blunted by plastic deformation, and the pas-
sive film re-establishes on the crack tip. The repaired passive film can
resist the anodic dissolution of the alloy matrix until the next stress-
induced rupture. The crack propagation is then progressed by
repeating this rupture-repair cycle, meaning that the regeneration of a
stable passive filmbefore the occurrence of the next cleavage is crucial
to resist the anodic dissolution and slowdown the crackpropagation29.
Figure 5e shows a microcrack of ~4.2μm in depth, beneath the passive
film ruptured by a slip step. Evidently, an oxide layer can be found
covering the crack tip and its neighboring area (Fig. 5f, g), indicating
that the exposed metal upon film rupture can be repassivated in a
short time. As a result, the crack propagation was greatly constrained,
and an excellent damage tolerance of SCCwas thereby achieved in this
titanium alloy.

In summary, we successfully developed a damage-tolerant tita-
nium alloy with exceptional corrosion resistance in an aggressive

saline solution. Our work demonstrated an unprecedented pitting
resistance in the TiV-based alloy but also addressed the gap in funda-
mentally understanding the passive behavior of alloys under extreme
corrosion conditions. A chemistry-microstructure-property relation-
ship was established for the comprehensive understanding of its cor-
rosion resistance. The alloy’s excellent electrochemical stability stems
from its resilient passivation in different passive regions. The compact
nature of passive film, as well as reduced OH- concentration, all con-
tribute to its electrochemical stability. Supported by this superb
electrochemical stability, excellent mechanical reliability was also
achieveddue to the fast repair of the passivefilm and the prevention of
localized corrosion that could lead to crack nucleation. It is expected
that such exceptional electrochemical and mechanical stability would
enhance the prosperous perspective of titanium alloys in marine
applications.

Methods
Materials fabrication
Ingot with the nominal composition of Ti82.19V12.5Al3.5Fe0.8Hf1B0.01

(at. %) was fabricated using the non-consumable arc melting under a
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pure argon atmosphere. The sample was melted five times to ensure
chemical homogeneity and then drop casted into a water-cooled
copper mold with a cross section of 5mm× 12mm. The as-cast ingot
then experienced several multi-step cold rollings to reach the
thickness of 3.5, 2.2, and 1.2mm. Each interval was followed by an
intermediate annealing at 900 °C for 3600 s and water quenching.
Thereafter, the grain size of the samples was further refined through
thermal-mechanical training. Specifically, the alloy was continually
cold rolled to the thickness of 1.1, 1.0, 0.9, and 0.8mm. A short-time
intermediate annealing at 1100 °C for 15 s was performed at each
interval, followed by water quenching. Theoretical density (D) of the
alloy was calculated by the following formula D = 100 / (∑cx / dx),
where cx and dx represent the weight percent and density of element
x, respectively77.

Microstructural characterization
The XRD (D2 PHASE XE-T) operating with a Cu Kα X-ray source was
conducted to identify the phase constituent. The characterization of
the initial structure was performed by EBSD using an EDAX detector
equipped in the SEM (FEI scios). The EBSD results were analyzed using
the EDAX OIM Analysis 8 software. Samples for EBSD characterization
were firstly mechanically polished to mirror-bright, and then electro-
polished in a solution ofHNO3: CH3OH (1:4) at a cryogenic temperature

below − 40 °C. The nanoscale microstructure was further investigated
using TEM (JEM-2100F). The TEM specimen was mechanically ground
and then punched to a disk ofΦ3mm for the final thinning process by
the PIPS II PRO precision ion-milling system. The characterization of
the passive film included planar and cross-sectional analysis. The pla-
nar observation of the passive filmwas directly performed by SEM. For
the cross-sectional characterization, TEM specimens were lifted out by
the focused ionbeam (FIB) using a Ga+ source. Before FIB processing, a
thin layer of Au was pre-deposited on the top of passive films by a
vacuum-sputtering equipment (Smart Coater, JEOL) to avoid damage
to the passive surface. For the measurement of passive film thickness,
TEM specimens were lifted out from random grains for micro-
structural observation. Compositional analysis of the cross-sectional
passive film was performed using a scanning transmission electron
microscopy (STEM, Talos F200X, FEI) equipped with a Super-X EDS
detector.

Chemical information of the surface films, which were pre-
grown in 3.5 wt.% NaCl solution for 3600 s by potentiostatic polar-
ization at the onset of passive regions, was analyzed using
XPS (Escalab Xi + , thermo scientific) with an Al Kα radiation
(1486.6 eV). During XPS, high-resolution spectra of C 1 s, O 1 s, Ti 2p, V
2p, Al 2p, Fe 2p, and Hf 4 f were obtained at a pass energy of 20 eV
with an energy step of 0.1 eV. The XPS measurements were
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performed on three random areas for each specimen to ensure data
validity. For comparison, the XPS specimens of the NiTi alloy
were also prepared. The XPS spectra were analyzed using the Avan-
tage software. The binding energies of all elements were first cali-
brated according to the adventitious C 1 s signal at 284.8 eV, and
then background subtracted by the Shirley-type algorithm. Subse-
quently, the individual spectrum was fitted based on the Gaussian-
Lorentzian product function and the known binding energies of
various elemental valence states.

Electrochemical tests
Corrosion resistance was evaluated by the conventional polarization
method78. Specimens with a diameter of 14mm were cut from the
alloy sheets using the water-jet cutting machine and then mechani-
cally polished to a mirror-bright finish. Electrochemical experiments
were performed in a conventional three-electrode system connected
to the electrochemical workstation (CHI 760E) at room temperature.
In this setup, the specimen served as the working electrode, a thin
platinum plate as the counter electrode, and a saturated calomel
electrode (SCE) as the reference electrode. A rubber O-ring was
placed around and pressed on the working electrode to an exposed
area of 1 cm2. The electrolyte used for electrochemical tests was
3.5 wt.% NaCl. Before testing, the working electrode was cathodically
polarized at −0.8 VSCE for 300 s to minimize the air-oxidation effect,
followed by stabilization at OCP for 3600 s. The EIS measurements
were performed in a frequency range from 105Hz to 10-2Hz with a
sinusoidal voltage amplitude of 10mV. The potentiodynamic polar-
ization test involved anodically polarizing the working electrode
from −0.6 VSCE to various potentials at a scan rate of 1mV/s79. At least
three specimens were tested for the EIS measurements and the
potentiodynamic polarization experiments. The same EIS measure-
ments and potentiodynamic polarization tests for the commercial
TC4 and NiTi alloys were also conducted to elucidate the electro-
chemical performance of the TiV-based alloy. Semiconductor char-
acteristics of the passive film were determined by the Mott-Schottky
test, by measuring the passive surface using an alternating current
voltage with an amplitude of ± 10mV and a fixed frequency of 1 kHz
with a step of 20mV from −1.0 VSCE to 1.0 VSCE.

SCC tests
The SCC resistance was evaluated by the typical SSRT tests72. Tensile
specimens with the gauge dimension of 3.5mm×0.8mm× 12.5mm
were cut from the Ti-V alloy sheet using the water-jet cutting machine.
The SSRT experiments were conducted by uniaxial tensile tests in
3.5 wt. % NaCl solution at room temperature with a strain rate of 10-6/s.
The specimen surface was mechanically ground with 5000-grit SiC
abrasive paper before testing. After fracture, specimenswere removed
from the NaCl solution within 5minutes to prevent further passivation
of themicrocracks. The SSRT tests in air were also performed to assess
the susceptibility to SCC. At least three specimenswere tested for each
environment. The loss of UTS (FEloss) and TE (ELloss), as well as the SCC
susceptibility index (ISSRT), are calculated using the following equa-
tions:

FEloss = 1�
σNaCl

σair
ð1Þ

ELloss = 1�
εNaCl
εair

ð2Þ

ISSRT = 1�
σNaClð1 + εNaClÞ
σair ð1 + εairÞ

ð3Þ

where σNaCl and σair are the UTS in 3.5wt.% NaCl solution and air,
respectively, and εNaCl and εair are the respective TE.

Data availability
All sourcedata for thesefindings are provided as a SourceData file and
via Figshare80. Source data are provided with this paper.
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