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a b s t r a c t

Although Tie6Ale4V alloy has wide applications in marine and chemical industries, its application is
highly limited in corrosive environment such as sulphuric acid. This is due to the dissolution of the
passive titanium hydride (TiH2) film formed on the surface which accelerates the corrosion of titanium
alloy in concentrated sulphuric acid. In this work, laser surface modification technique was used to
develop high performance antiecorrosive coatings for aggressive sulphuric environment. The effects of
parameter variations and volume fraction of TieCoeNi clad layer on Tie6Ale4V were investigated. The
corrosion behaviors of Ti-6A-l4V, TiCoe10Ni and CoNie10Ti coatings were studied in 0.5 M sulphuric
acid using potentiodynamic polarization technique. Thereafter, the morphologies of the coatings before
and after corrosion were analyzed using scanning electron microscope (SEM) equipped with energy
dispersion spectroscopy (EDS) and X-ray diffraction (XRD) analysis to examine phase compositions and
changes. The corrosion result shows that the clad compositions have significant influence on the po-
tential by shifting the potential to more noble values and reduced the corrosion rate when compared
with as-received Tie6Ale4V. In addition, the corrosion resistance performance of CoNie10Ti deposited
at 1.2 m/min is best among all the ternary coated samples. The increase in corrosion resistance of alloys
with cobalt and nickel on titanium is due to formation of dense passive CoO, TiO, TiAl, Ni2TiO3, V2O5 and
Al2O3 oxides on the samples surfaces. With this result, the use of laser cladding technique could be
established in improving the corrosion resistance of Tie6Ale4V with TieCoeNi alloy coatings.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

The development of newmaterials has been the driving force for
technological advancement over the years. The need for new en-
gineering materials is growing especially light metals such as
aluminium, magnesium and titanium [1]. Tie6Ale4V alloy, the
workhorse of titanium alloys is uniquely characterized by desired
and useful combination of exact bulk properties. These bulk prop-
erties which consist of low-density provide good strength toweight
ratio, high specific strength and good corrosion resistance in many
environmental conditions [2,3]. Other properties associated with
Tie6Ale4V alloy are elevated temperature resistance and
biocompatibility [4,5]. As a result, Tie6Ale4V alloy drives the ma-
terial choice for marine (offshore) structures, aerospace and
petrochemical industry [6]. Nevertheless, Tie6Al4V alloy applica-
tions are restricted in aggressive corrosive environment such as
chimney lining, titanium tube sheet and titanium tubes in offshore
and gas plants [7,8]. According to Straumanis et al. [9], the potential
of titanium in sulphuric acid becomes less noble (more anodic) in
time, approaching a limiting potential and thus becomes less noble
with increasing concentration of the acid. This is due to dissolution
of protective stable and compact oxide film formed on titanium
surface, hence, leading to a defective porous film and losing its
protectiveness, especially in acidic solutions. According to Ban et al.
[10], the protective films formed on the surface of titanium alloy are
too thin and sometimes unstable to resist the shear stress and
removed quickly, thus accelerating themetal dissolution. According
to Wang et al. [11], the oxide film provides titanium the resistance
to corrosion as long as the integrity of the film is maintained,
although the potential difference of the aþb phase of Tie6Ale4V
could result in galvanic interaction and consequently act as special
sites for deterioration to take place [12]. As a results, there is an
increasing demand for new materials with greater properties to
enhance service life and performance under harsh operating con-
ditions for Ti6Al4V alloy.

Surface modification technique offers a way to improve surface
properties and corrosion resistance of titanium alloy [4,13]. The
surface alteration of materials through laser surface cladding
technique which is a surface strengthening and repair technique is
fast becoming more increasingly popular due to its significant
progression in industrial applications [14]. Compared with other
types of surface alteration methods, such as cold spraying, thermal
spraying, magnetic sputtering and physical vapor deposition (PVD),
laser cladding coatings technique have the advantages of dense
microstructure, high precision, low dilution rate, strong metallur-
gical adhesion of the cladding material with the base material,
limited heat effect due to controlled laser energy and rapid cooling
[15,16]. Laser cladding of metallic alloys on titanium alloy has been
Table 1
Laser processing parameters of TiCoeNi and CoNie10Ti Ternary coatings.

Sample Clad material Power (W) Scan speed (m/min) Be

A TiCoe10Ni 900 0.6 3
B TiCoe10Ni 900 1.2 3
C CoNie10Ti 900 0.6 3
D CoNie10Ti 900 1.2 3
used as an effective method to reduce the corrosion rate of titanium
alloy in some extremely aggressive media. According to Tomashov
[17], the following proposed mechanism such as cathodic alloying
of metallic surface, the use of alloying element which increases
passivity and the use of alloying element which can reduce thermal
instability could be used to reduce the anodic activities of the ti-
tanium alloy.

According to Wang et al. [18], the corrosion resistance of tita-
nium was improved by the addition of nickel-cobalt additives.
CoeNi coatings are essential in petrochemical plant owing to their
low temperature super plasticity, high strength and anti-corrosion
resistance [18e21]. For instance, nickel dissolves slowly in dilute
acids and thus becomes passive with formation of passive oxide
film in aggressive media while cobalt is an additive in many super
alloys used for gas turbine engines, corrosion resistant alloys as
well as catalysts for the petroleum and chemical industries. Ac-
cording to Zamani et al. [22], nickel could also resist corrosion even
at elevated temperatures and for this reason it is used in gas tur-
bines and rocket engines. Moreover, the addition of Ni [23] in laser
cladding of Co is expected to produce complex phases of CoNi
intermetallic with a wide range of superior and functional prop-
erties. Chai et al. [24] synthesized Co/Ni based alloy via electrode-
position technique and observed that appropriate cobalt and nickel
content exerted various effects on performances such as refine
grain that enhanced the corrosion resistance of the coatings.

There are few literatures available with respect to microstruc-
tural and corrosion behaviors of Tie6Ale4V alloy in sulphuric
environment. This research work focuses on fabrication on
TieCoeNi ternary alloy on Tie6Ale4V via laser cladding technique.
The microstructure and phases of the resultant coatings were
analyzed using X-ray diffractometry (XRD) and scanning electron
microscopy (SEM) equipped with energy dispersive spectrometry
(EDS) while the electrochemical technique using linear potentio-
dynamic polarization was used to evaluate the corrosion behavior
of TiCoNi/Tie6Ale4V alloy in 0.5 M H2SO4.
2. Experimental procedure

2.1. Materials

Grade 5 Tie6Ale4V alloy specimens with dimension of
50� 50� 5 mmwere sandblasted with silica grit sand and cleaned
with acetone prior to laser cladding process in order to minimize
laser reflection and increase the laser absorption on titanium alloy
[25,26]. Titanium (Ti), cobalt (Co), and nickel (Ni) powders (99.9%
purity and average particle size of 45 mm supplied by TLS Technik
GmBH and Co (Bitterfeld-Wolfen, Germany) were premixed and
homogenized in a Turbula shakermixer T2F using a 250ml air-tight
am diameter (mm) Powder feed rate (g/min) Gas flow rate (L/min)

1.0 1.2
1.0 1.2
1.0 1.2
1.0 1.2



Fig. 1. (a) SEM Morphology and (b) EDS of Tie6Ale4V alloy.

Fig. 2. SEM/EDS reveals morphologies of (a) Ti (b) Co and (c) Ni powders.
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cylindrical plastic container with a fill level of 25% of the loaded
powders. The mixing container was place in the chamber and
subsequent procedures were followed as reported by Obadele et al.
[27]. The Turbula mixing speed and duration utilized were 49 rpm
and 8 h respectively. The mixing of the powders was done in a dry
environment and at room temperature in order to prevent inho-
mogeneous mixture, which may result in irregular flowability of
the powders during laser cladding process [27].
2.2. Laser processing

A 4.4 kW Rofin Sinar DY044, Continuous Wave Nd:YAG laser
equipped with KUKA articulated arm robotic system was used to
clad admixed TieCoeNi powders on Tie6Ale4V alloy. The depos-
ited powders were infused in an admixed proportion into the melt
pool formed by the laser beam during scanning of the substrate.
The laser parameters were optimized at laser power of 900 W,
powder feed rate 1.0 g/min, gas flow rate 1.2 L/min and beam spot
size 3 mm. The scan speeds were varied from 0.6 to 1.2 m/min. In
order to achieve coatings with large surface area, multiple clad
tracks were deposited with 50% overlap at an angle of 45� to the
substrate. Argon gas of 3 L/min was used during deposition to
create a non-oxidizing atmosphere around the molten pool. This
was done to avert oxidation, taken into consideration that titanium
has high affinity for oxygen. Table 1 summarizes the laser cladding
parameters utilized for deposition of TieCoeNi coatings on
Tie6Ale4V alloy.
2.3. Characterization of laser coatings

After laser cladding, coatings for microstructural characteriza-
tion were ground using P80, P320, P1200 and P4000 grit SiC
grinding papers on a Struer TegraForce-25 automated diamond
suspension dispenser. Thereafter, the clad samples were polished
on a MD-Largo and refined with a MD-Chem OP-S polishing cloth
with a Diapro diamond suspension respectively. During metallog-
raphy preparation care was taken not to grind off the coatings on
the surface. Subsequently, the polished samples were etched in
Kroll’s reagent (92 ml H2O, 6 ml HNO3 and 2 ml HF) for approxi-
mately 10 s prior to characterization to avoid over-etching. The
etchingwas done for distinctive precision of microstructural phases
present.

A Jeol JSM-7600F field emission scanning electron microscope
(FESEM) was employed to study the morphologies of the laser clad
coatings while elemental compositions were identified by energy
dispersive spectroscopy (EDS). A Philips PW1713 X-ray diffrac-
tometer (XRD) equipped with monochromatic Cu Ka radiation set
at 40 kV and 20 mA was used to collect diffraction peaks. Philips
1
.
3rprpCpdT

.
dt¼1

.
4
�
Idir þ Iref

�
hp �hðT�∞Þ� εs

�
T4 � T4∞

�
� 1

.
3rLf rp1

.
dt (1)
Analytical X’Pert High Scores software coupled with an in-built
(ICSD) database was subsequently used for phase identification.
The scan range was between 10� and 80� at 2 theta (2q) and a step
size of 0.02�.

2.4. Electrochemical test

Specimens for electrochemical test were sectioned to 1 cm2,
thereafter, an insulated copper cablewas attached using aluminium
tape to one face of the specimen. The specimens were ground to
surface finishwith 1200-grit SiC papers and polished to 3mmusing
diamond suspension. Furthermore, the specimens were ultrasoni-
cally cleaned in ethanol before immersion in 0.5 M H2SO4 acid
solution for corrosion test. Electrochemical measurements were
conducted using an Autolab Potentiostat (PGSTAT302) which is
computer controlled. The experiments were conducted using the
three-electrode corrosion cell setup with saturated silver/silver
chloride electrode (Ag/AgCl) (3 M KCl) as reference electrode while
graphite rod served as counter electrode and the sample as working
electrode. The corrosion potential (Ecorr), corrosion current density
(Icorr), polarization resistance (Rp) and corrosion rate were calcu-
lated using the Tafel extrapolation method. A scan rate of 2 mV s�1

was initiated at a potential range between �1.5 and 2.0 V. Prior to
starting the potentiodynamic polarization scan, the specimens
were cathodically polarized at �1000 mV for 5 min followed by
open circuit potential measurement for about 60 min. In all cases,
triplicate experiments were carried out to ensure reproducibility.
Similar procedure is reported by Obadele et al. [4,26].
3. Result and discussions

Fig. 1 represents SEM and EDS of Tie6Ale4V alloy. According to
Mokgalaka et al. [12], the material structure consist of alpha and
beta (aþb) phases, where the a phase is characterized by HCP
crystal structure and b phase with a BCC crystal structure. Fig. 2
reveals the morphologies of the as-received powders. The pow-
ders are spherical and non-porous with significant amount of sat-
ellites, indicating that the method of powder production is by gas
atomization [1].

Fig. 3 presents the microstructural evolution of synthesized
TiCoe10Ni coatings at laser speeds of 0.6 m/min and 1.2 m/min
both at 900 W. According to Weng et al. [28], the difference in
microstructural evolution of the synthesized coatings was as a
result of variation of scan speed which mostly results in unique
solidification rates. Both fabricated coatings as shown in Fig. 3(a)
and (b) resulted in homogenous grains, free from pores and cracks
or no initiation of stress. As shown in Fig. 3(a), the formation of
larger grain size was observed as a result of longer interaction be-
tween heated powders and the absorbing energywhile at high scan
speed of 1.2 m/min (see Fig. 3(b)) the micrograph indicate small
grain size and formation of dendritic grain shape as a result of fast
cooling of the melt pool during solidification process [29]. The
interaction of powders while travelling from the nozzle with the
laser beam resulted in absorption of heat from the laser source. This
time-factor interaction could affect the final grain size produced.
According to Tamanna et al. [30], heat transfer from laser beam to
powders is governed by the following equation.
where rp is the radius of particle, rp is the density of the particle, Cp
is the specific heat of powder, Idir and Iref are the energy coming
from laser beam on the particle and reflected from substrate
respectively, rp is the absorption coefficient of particle, h is the heat
convection coefficient, T is the temperature of particle, T∞ is the
temperature of the surrounding gas, 3is the particle emissivity and
Lf is the latent heat of fusion. The EDS of the laser clad samples (see
Fig. 3) shows the presence of elemental Ti, Co, Ni and Al which is
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different from that of the control titanium alloy. The presence of
these elemental compounds indicates the prolong interaction time
between the laser beam andmelt pool as a result of lower laser scan
speed as well as complete deposition on Tie6Ale4V surface [31].

On the other hand, Fig. 4 shows the morphology of CoNie10Ti
coatings at different laser scan speed. The microstructure displayed
flower-like dendritic structures at various laser scan speeds. The
interediffusion of atoms from the coatings and the substrate as a
result of high temperature gradient and solidification rate resulted
in the formation of flower-like structures. Larger size of flowerelike
dendrite with dark grey coloration was observed at lower scan
speed as a result of precipitate diffusion. However, at high scan
speed insufficient diffusion occurred leading to white grey colored
flowerelike dendrite. Furthermore, as a result of combining binary
and ternary phases, there could be the formation of laves phases
which may account for the presence of intermetallic phases after
laser cladding, as high temperature from the laser source is
involved in newer phases being formed. According to Liu et al. [32],
laves phase could form as a result of high amount of CoNi at high
temperatures. In addition, the SEM micrographs revealed dark un-
melted particles of the powders deposited on the coating. Ac-
cording to Shuja and Yilbas [33], the high convective effect asso-
ciated with laser beam could impede complete melting of the
powders at free surfaces of the substrate. Generally, the powder
compositions significantly influence the microstructural evolution
and phases formed during laser surface cladding.

Fig. 5 shows the XRD patterns of various intermetallic phases
Fig. 3. SEM micrographs and EDS of laser cladded TiCoe
formed as a results of laser beam interaction on the cladding ma-
terial and the substrate. Fig. 5(a) displays XRD results for TiCoe10Ni
coatings at 0.6 m/min scan speed. The intermetallic phases of Al2Ti,
CoTi, Al5Co2, Ni3Ti and AlTi3, were identified as main peak. Major
diffractions peaks of 34.25�, 42.08�, 43.29�, 54.27� and 78.65� and
their inter-planar distance of 2.146 Å, 2.089 Å, 2.073 Å, 1.682 Å and
1.215 Å respectively. Meanwhile intermetallic phases of AlTi2,
Al5Co2, Ti2Ni, Ni4Ti, Co2Ti and Ni3Ti were formed at major diffrac-
tion peaks of 42.06�, 43.25�, 51.09�, 57.12�, 62.40� and 78.25�, the
inter-planar distance of 2.189 Å, 2.147 Å, 2.136 Å, 2.090 Å, 1.806 Å
and 1.487 Å for TiCoe10Ni coating at laser scan of 1.2 m/min scan
speed as shown in Fig. 5(b). The synthesized hard phases observed
in Figs. 4 and 5 could be associated with high temperature gradi-
ents [25,31,34e37].

In comparison, Fig. 5(c) reveals the XRD spectrum of CoNie10Ti
intermetallic coatings at 0.6 m/min scan speed. The main phase
constituents of the coatings deposited at 0.6 m/min are NiTi, Ni3Ti,
AlTi2, Co2Ti, Al5Co2, AlCo2Ti and Ni5Al3. Major diffractions peaks are
located at peak positions 34.25�, 42.08�, 43.29�, 54.27� and 78.65�

with inter-planar distance of 2.146 Å, 2.089 Å, 2.073 Å, 1.682 Å and
1.215 Å respectively. On the other hand, Ni3Ti, AlTi2, Al5Co2, Co2Ti,
and CoTi predominate the coating at 1.2 m/min as shown in
Fig. 5(d) with major diffraction peaks of 25.11�, 25.72�, 45.90� and
48.1� with inter-planar distance; 2.51 Å, 2.92 Å, 3.37 Å and 3.77 Å
respectively. At CoNie10Ti ternary coatings, the major intermetallic
peaks deposited at 0.6 m/min were Co2Ti, AlTi2, TiCo, Ni3Ti and
Al5Co2, while intermetallic phases of Co2Ti, TiCo and Ni3Ti
10Ni Coatings at (a) 0.6 m/min and (b) 1.2 m/min.
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predominate the coating at 1.2 m/min. It was evident that no single
oxide of nickel, cobalt or titanium or any other metallic oxide was
formed due to effective shielding during laser cladding process. In
addition, the high energy radiated by the laser beam lead to molten
powders interactions with substrate, thereby yielding complex
chemical reactions. The combination of ductile NiTi martensitic
phase and Ni3Ti phase could influence the corrosion response of the
coatings. Figs. 4e7 also indicates the presence of AlTi2. According to
Kaibyshev, Mazurina and Gromov [38], the addition of titanium as
grain refinement plays a critical role in formation of aluminium rich
in aluminium-titanium (AlTi2) phase [39,40].

Fig. 6 illustrates the potentiodynamic linear polarization curves
of TieCoe10Ni and CoeNie10Ti laser cladded on Tie6Ale4V sub-
strate at scan speeds 0.6 and 1.2 m/min respectively in 0.5 MH2SO4.
Tafel extrapolation technique was used to derive the corrosion re-
sults summarized in Table 2. It could be observed that the cathodic
branches of the linear polarization curves for the Tie6Ale4V alloy
and all the ternary coatings exhibit current densities that decrease
as the applied potential increases. Also, the Tie6Ale4V alloy
(substrate) as well as the coatings displayed similar anodic branch
behaviour, although, CoeNie10Ti deposited at 0.6 m/min showed
formation of metastable pits which could be associated with the
slight passivation trend and re-passivation of micro-size pits on the
surface of the coating.
Fig. 4. SEM and EDS micrographs showing coatings of Co
As presented in Table 2, TiCoe10Ni coated at low 0.6 m/min
speed exhibited polarization resistance Rp (1543 U cm2), corrosion
current density Icorr (9.24 mA/cm2), and corrosion rate Cr
(0.0812 mm/year). Lower Icorr value observed for TieCoe10Ni lased
at 1.2 m/min speed suggests an improvement in corrosion resis-
tance with increase in polarization resistance Rp (1633.45 U cm2),
decrease in corrosion current density Icorr (8.73 mA/cm2), and
decrease in corrosion rate Cr (0.0767 mm/year). The addition of Ni
to titanium matrix exhibited superior corrosion as a result of pas-
sive film formed on the surface of the coating, thus, reducing the
release of metal ions from the coatings to the solution. In addition,
enhanced corrosion properties displayed by the addition of nickel
to the fabricated coatings could be associated with the presence of
NieTi phase which is nobler than Tie6Ale4V [12]. According to Hu
et al. [41], protective film on the coating surface helps to slow down
or stop accelerated electrochemical surface deterioration.

As observed for CoNie10Ti ternary coatings, an increase in laser
scan speed resulted in corrosion current density of the fabricated
coatings declining from 0.79 mA/cm2 to 0.000922 mA/cm2, thus
revealing the effect of laser speed on corrosion current by changes
in the grain size. CoeNie10Ti coatings at high scan speed of 1.2 m/
min exhibited lowest corrosion rate (8.09E-06 mm/yr), as well as
highest polarization resistance Rp (1.55E07 U cm2). Compared to
the Tie6Ale4V alloy (substrate), the corrosion resistance property
Nie10Ti coatings at (a) 0.6 m/min and (b) 1.2 m/min.



Fig. 5. XRD spectrum of laser clad TiCoe10Ni coating at (a) 0.6 m/min, (b) 1.2 m/min and laser clad CoNie10Ti at (c) 0.6 m/min, (d) 1.2 m/min.
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Fig. 6. Linear polarization curves of TieCoe10Ni and CoeNie10Ti ternary coated
Tie6Ale4V in 0.5 M H2SO4 solution.

Table 2
Corrosion test results for TiCoe10Ni and CoNie10Ti ternary coatings.

Sample Ecorr (V) Icorr (mA.cm�2) Rp (U.cm2) CR (mm.yr�1)

Tie6Ale4V �0.18 102 139.8 0.896
TiCoe10Ni (0.6) �0.12 9.24 1543.29 0.0812
TiCoe10Ni (1.2) þ0.18 8.73 1633.45 0.0767
CoNie10Ti (0.6) �0.15 0.79 18165.6 0.0069
CoNie10Ti (1.2) þ0.23 0.000922 1.55E07 8.09E-06

Fig. 8. XRD spectra of CoNie10Ti ternary coatings after corrosion.
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of clad samples improved when CoNie10Ti was added. According
to Tomashov [42], the use of alloying elements such as cobalt and
nickel can be used to reduce thermodynamic instability as well as
increase the passivity of titanium. These alloying elements are
usually employed to enhance the corrosion resistance of titanium
for a spontaneous passive system. Generally, cladding of
Tie6Ale4V with TiCO and/or CoNi significantly improves the
corrosion performance of Tie6Ale4V.

The increase in corrosion resistance of alloys with cobalt and
nickel on titanium is due to formation of thick passive TiO2, Co3O4,
NiO and CoO formed on the sample surface [43e45]. This could be
justified by the in the formation of protective oxides as shown in
Fig. 7.

Fig. 8 shows the XRD spectra of dense passive oxide layers
formed on the surface of the coatings after immersion in
0.5 M H2SO4. There was significant reduction in the corrosion rates
of all the coated samples due to the oxide films formed on the laser
coated Tie6Ale4V alloy samples. The oxides revealed at these
Fig. 7. SEM morphology of the coated samples after corrosion (a) TieCoe10N
peaks are CoO, TiO, TiAl, Ni2TiO3, V2O5 and Al2O3. During high
temperature processing of Tie6Ale4V, the precipitation of TieAl
intermetallics (TiAl) had been reported as seen in Fig. 8. Titanium
i �0.6 (b) TieCoe10Ni �1.2 (c) CoeNie10Ti �0.6 (d) CoeNie10Ti �1.2.
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aluminides are ordered intermetallics with strong bonding of the
compounds and high critical ordering temperature (Tc) of the
material which gives rise to good thermochemical properties and
good structural stability [46]. Ti and TieAl alloys are more highly
permeable to oxygen, and Al has a low diffusivity in lower
aluminium containing alloys [47]. Fig. 8 reveals TiO which is more
stable than Al2O3. The thermodynamic stabilities of the oxides of Ti
and Al are quite similar, thus establish an Al2O3 scale due to the
competition from TiO.

4. Conclusion

In this study, CoNie10Ti and TiCoe10Ni were successfully
fabricated on Ti6Al4V by laser cladding route with scan speed of
0.6 m/min and 1.2 m/min at 900 W respectively. The following
conclusions are drawn from the work.

(1) Coatings revealed microstructures of high quality with no
evidence of porosity, crack or initiation of stress. A strong
metallurgical adhesion was also obtained between the
coatings and substrate interface.

(2) At CoNie10Ti ternary coatings, the major intermetallic peaks
deposited at 0.6 m/min were Co2Ti, AlTi2, TieCo, Ni3Ti and
Al5Co2, while intermetallic phases of Co2Ti, TieCo and Ni3Ti
predominate the coating at 1.2 m/min. It was evident that no
single oxide of nickel, cobalt or titanium or any othermetallic
oxide was formed due to effective shielding during laser
cladding process. In addition, the high energy radiated by the
laser beam lead to molten powders interactions with sub-
strate, thereby yielding complex chemical reactions.

(3) CoeNie10Ti coatings at high scan speed of 1.2 m/min
exhibited lowest corrosion rate Cr (8.09E-03 mm/yr), lowest
corrosion current density Icorr (0.000922 mA/cm2) as well as
highest polarization resistance Rp (1.55Eþ07 U cm2), which
is 110872 times the polarization resistance of the Tie6Ale4V.

(4) The corrosion resistance performance of CoeNie10Ti
deposited at 1.2 m/min is best among all the ternary coated
samples. The increase in corrosion resistance of alloys with
cobalt and nickel on titanium could be associated to forma-
tion of dense passive CoO, TiO, TiAl, Ni2TiO3, V2O5 and Al2O3
oxides on the sample surface.
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