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Abstract

Although the corrosion properties of Ti-6Al-4V have been widely studied, the differences
in passive film evolution and corrosion mechanism between wrought and SLMed Ti-6Al-
4V in acidic service environments are still unclear. In this work, the corrosion behaviors
of wrought and selective laser melting (SLMed) Ti-6Al-4V alloys in 0.05 mol/L H,SO4
solution were systematically investigated using electrochemical impedance spectroscopy,
potentiodynamic polarization curves, Mott-Schottky analysis and XPS depth profiling.
Wrought and SLM-fabricated Ti-6Al-4V were selected to reveal the effects of typical form-
ing processes on corrosion resistance, considering their wide applications and distinct
microstructures. Electrochemical results demonstrate that the wrought alloy exhibits a
higher polarization resistance, a thicker passive film, and a lower corrosion current density,
corresponding to superior corrosion resistance. Mott-Schottky analysis reveals that the
passive films formed on both alloys show n-type semiconductor characteristics, while the
wrought alloy possesses a lower carrier concentration, fewer defects, and a more compact
film structure. XPS depth analysis indicates that the content of TiO; in the passive films
decreases with increasing etching depth, accompanied by an increase in TiOOH, TiO, and
metallic Ti.

Keywords: selective laser melting (SLM); Ti-6Al-4V alloy; corrosion; electrochemical
behavior; passive

1. Introduction

Titanium alloys have been widely applied in biomedical engineering, marine engi-
neering, aerospace, and other fields, owing to their outstanding properties including high
strength, low density, and excellent corrosion resistance [1-6]. With the increasing com-
plexity and diversification of application requirements, selective laser melting (SLM) has
emerged as a major research focus in materials science due to its high flexibility and capa-
bility to fabricate components with complex structures [7]. Edwards et al. [8] investigated
the fatigue properties of SLMed Ti-6Al-4V and found that its fatigue resistance was signifi-
cantly inferior to that of the wrought alloy, mainly owing to the unavoidable formation of
pores and residual stresses during manufacturing. Leuders et al. [9] investigated the crack
propagation and fatigue behavior of SLMed Ti-6Al-4V and similarly observed poor fatigue
resistance caused by defects such as porosity.

To date, most domestic and international studies have concentrated on the mechanical
properties of SLMed titanium alloys, while differences in corrosion resistance between
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SLMed and conventionally wrought titanium alloys have also been recognized. Ther-
modynamically, titanium is a relatively reactive metal. Previous studies [7,10-12] have
verified that the excellent corrosion resistance of titanium alloys arises mainly from the
dense passive film formed on the surface, which blocks the transfer of electrons and ions.
Numerous researchers have confirmed that the primary component of this passive film is
TiO; [4,13-16], which behaves as a wide-bandgap semiconductor with high resistivity and
thus effectively protects the substrate. However, the formation of the TiO, passive film
can be hindered in specific environments such as those containing high concentrations of
halide ions. Jesus et al. [17] investigated the corrosion behavior of titanium alloys under
acidic conditions and found that the passive film was damaged by the aggressive action of
anions such as C1~ and SO,42~. Macdonald et al. [18,19] developed a model for passivation
and passivity breakdown based on the point defect model (PDM), assuming that cation
migration from the oxide—electrolyte interface to the metal-oxide interface gives rise to
mass transport, and simulating how anions like Cl1~ can affect vacancy diffusion. Lebea
et al. [20] studied the corrosion resistance of SLMed titanium alloys for dental applications
in 3.65 wt% NaCl solution and Ringer’s solution, revealing that the weight loss of SLMed
titanium alloys was much higher in Ringer’s solution (containing KCI, NaCl, CaCly, etc.)
than in 3.65 wt% NaCl solution due to varying degrees of pitting corrosion. Li et al. [4]
examined the corrosion behavior of TA15 titanium alloy in HCI solution and illustrated the
effect of C1~ adsorption on pitting initiation. They reported that wrought TA15 exhibited
better corrosion resistance than SLMed TA15 in 1 mol/L HCI solution. Both alloys suf-
fered pitting corrosion, but larger and deeper pits appeared on the SLMed TA15 samples,
whereas the wrought TA15 showed shallower and more uniform pits, indicating more
severe corrosion in the SLMed alloy.

At present, research on the corrosion behavior of titanium alloys is primarily focused
on chloride-containing media. However, in practical conditions such as polluted marine
environments and petroleum extraction, corrosive components like sulfuric acid are often
present. In such sulfate-containing media, titanium alloys typically exhibit characteristic
uniform corrosion, and the influence mechanisms of different alloying elements on their
corrosion kinetics also show significant variations. There are relatively few studies focusing
on the effects of sulfate ions on the corrosion behavior of titanium alloys in acidic, polluted
marine environments. In this work, wrought Ti-6Al-4V and SLMed Ti-6Al-4V alloys
were used as research materials. Their corrosion and passivation behaviors in 0.05 mol/L
H,S0O4 solution were systematically investigated. The microstructures were characterized
by X-ray diffraction (XRD) and scanning electron microscopy (SEM). Potentiodynamic
polarization and Mott-Schottky measurements were performed to analyze the corrosion
behavior. The composition and chemical states of the passive films were examined using
X-ray photoelectron spectroscopy (XPS).

2. Experimental Procedures

The materials employed in this study were wrought Ti-6Al-4V alloy and SLM-
produced Ti-6Al-4V alloy. Their main chemical compositions are listed in Table 1. The
SLMed-TC4 titanium alloy was fabricated on a commercial Concept Laser M2 powder bed
fusion apparatus, which has a maximum laser output power of 400 W and a maximum
laser scanning speed of 1000 mm/s. The processing parameters of SLM were set as follows:
layer thickness of 30 pm, laser power of 280 W, laser scanning speed of 1000 mm/s, and the
protective atmosphere was high-purity argon (99.99%). The wrought Ti-6Al-4V samples
were prepared as rectangular sheets with dimensions of 10 x 5 x 2 mm, while the SLM
samples were cylindrical with a diameter of $14 mm and a thickness of 2 mm.
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Table 1. Chemical compositions of the two tested Ti-6Al-4V alloys.

Al A% Fe o Ti
wrought 5.98 4.03 0.33 0.08 Bal
SLMed 6.12 4.20 0.06 0.15 Bal

The corrosion behavior was characterized in 0.05 mol /L H,SO, solution under thermo-
static conditions at 25 °C. In this experiment, the test solution was used without deaeration.
All samples were ground with SiC abrasive papers to remove surface oxide scales, then
soaked in anhydrous ethanol for 5 min to eliminate surface contaminants. The sample
thickness was maintained at no less than 2 mm. For electrochemical measurements, each
sample was mounted in epoxy resin, exposing a working area of 0.5 cm? for the wrought
alloy and 1.54 cm? for the SLM alloy. After the resin was fully cured, the encapsulated
samples were removed and successively ground with SiC papers. The surfaces were then
polished with alumina suspension, followed by ultrasonic cleaning in anhydrous ethanol
for 5 min to remove residual contaminants. Kroll’s reagent (3 vol% HF + 9 vol% HNO3)
was used to etch the sample surfaces for microstructural observation [21].

X-ray diffraction analysis was conducted using a Rigaku D/Max 2400 X-ray diffrac-
tometer (Rigaku, Tokyo, Japan) over a 20 range of 30-80° at a scanning rate of 6°/min. Mi-
crostructural characterization was performed using a Zeiss Merlin Compact field-emission
scanning electron microscope (SEM) (Zeiss, Oberkochen, Germany). Corrosion perfor-
mance was evaluated using a Gamry 1010E electrochemical workstation (Gamry, Warmin-
ster, PA, USA). The experiment was carried out using a platinum sheet electrode as the
counter electrode and a saturated calomel electrode as the reference electrode, with measure-
ments including electrochemical impedance spectroscopy (EIS), potentiodynamic polariza-
tion, and Mott-Schottky analysis. An open circuit potential test was performed for 3600 s in
0.05 mol/L HySOy solution before each electrochemical test to stabilize the material surface.
The EIS measurements were performed at open circuit potential with a 10 mV sinusoidal
AC perturbation over the frequency range from 10~2 Hz to 10° Hz. Mott-Schottky analysis
was performed at a frequency of 1000 Hz with an AC signal amplitude of 10 mV. After
testing, the current density of the material stabilized following 3600 s of potentiostatic
polarization. Therefore, prior to the measurement, the working electrode was polarized
at a passivation potential of 0.9 V for 3600 s to form a stable passive film. A minimum of
three parallel samples were tested to ensure the reliability of the experimental results. All
experiments were conducted in accordance with the standard GB/T 24196-2009 [22]. The
composition and depth distribution of the passive films were characterized by a Thermo Sci-
entific Nexsa X-ray photoelectron spectrometer (XPS) (Thermo Fisher Scientific, Waltham,
MA, USA). Before the test, all specimens were subjected to potentiostatic polarization at
0.9V for 3600 s.

3. Results and Discussion
3.1. Microstructural Analysis

Figure 1 presents the XRD patterns of the two Ti-6Al-4V alloys. The diffraction peaks
of the forged alloy can be well indexed to the characteristic peaks of the « phase and f3
phase, indicating a typical « + 3 duplex structure. The diffraction intensity of the « phase
is significantly higher than that of the 3 phase, suggesting a higher volume fraction of the
o phase. The SLM-produced Ti-6Al-4V alloy shows similar diffraction peaks to the forged
alloy, also corresponding to an « + (3 duplex titanium alloy [15,23].
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Figure 1. XRD results of Ti-6Al-4V alloy prepared by wrought and SLM.

As observed from the microstructural morphologies of the two Ti-6Al-4V alloys in
Figure 2, distinct microstructural features are present between the two materials. The forged
alloy consists of equiaxed «-Ti grains and lamellar 3-Ti, with the  phase homogeneously
dispersed. In contrast, the SLM-fabricated alloy exhibits an acicular microstructure. This is
attributed to the extremely high laser energy density and small molten pool size during
SLM processing, which enables rapid heat conduction through the solidified layer and
substrate, leading to an ultrafast solidification rate. Such rapid cooling suppresses the
equilibrium phase transformation and promotes the formation of non-equilibrium acicular
o martensite [24,25].

Figure 2. SEM of the two tested Ti-6Al-4V alloys: (a) wrought Ti-6Al-4V, (b) SLM Ti-6Al-4V.

3.2. Electrochemical Studies

Figure 3 shows the electrochemical impedance spectroscopy (EIS) of two tested Ti-6Al-
4V alloys in 0.05 mol/L HySO4 solution. As shown in Figure 3a, the Nyquist plots exhibit an
incomplete single capacitive loop, which arises from the charge-transfer process occurring
at the electrolyte/electrode interface [26,27]. The radius of the capacitive loop is indicative
of the charge-transfer resistance associated with the reaction at the electrode/electrolyte
interface. The larger radius corresponds to a higher charge-transfer resistance, greater
kinetic hindrance to interfacial electron transfer, and a lower corrosion rate, thereby signi-
fying superior corrosion resistance of the material [28]. The capacitive loop radius of the
wrought Ti-6Al-4V is distinctly larger than that of the SLM Ti-6Al-4V, demonstrating that
the wrought Ti-6Al-4V has superior corrosion resistance in 0.05 mol/L HpSOj solution.

The Bode plots of the two Ti-6Al-4V alloys are presented in Figure 3b. The impedance
modulus | Z| at a frequency of 10° Hz represents the solution resistance of the corrosive
medium, whereas that at a frequency of 10~2 Hz corresponds to the polarization resistance
of the material [29]. The low-frequency impedance moduli |Z|(g; of wrought and SLM
Ti-6A1-4V are 1.28 x 10° Q-cm? and 4.09 x 10° Q-cm?, respectively. The wrought alloy
exhibits a higher value, which can be attributed to differences in the properties of the
passive film. The phase angle profiles in the Bode plots reveal that both Ti-6Al-4V alloys
display a single time constant. As reported in the literature [28-30], the maximum phase
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angle at low frequency originates from the formation of a passive film, while that at high
frequency is related to the formation of the electric double layer [29]. Compared with
the SLM Ti-6Al-4V, the wrought Ti-6Al-4V shows a maximum phase angle closer to 90°,
indicating a higher interfacial charge-transfer resistance/polarization resistance and a more
protective passive film on the substrate.
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Figure 3. EIS of the two tested Ti-6Al-4V alloys in 0.05 mol/L HySOy4 solution: (a) Nyquist plot,
(b) Bode plot.

The EIS data were fitted using the equivalent circuit depicted in Figure 4, and the
corresponding fitting parameters for the two Ti-6Al-4V alloys are listed in Table 2, where
Rs is the resistance of 0.05 mol/L HSOy4, R¢ is the film resistance, CPE is the constant phase
element, CPEy is the constant phase element of the double layer, n is the CPE exponent
and R is the charge transfer resistance. In corrosion electrochemical measurements,
surface inhomogeneity of the electrode generally gives rise to a relaxation effect, which
makes it necessary to employ the CPE instead of an ideal capacitor to fit the EIS [28,30,31].
In general, a higher R; implies greater resistance to interfacial charge transfer, stronger
protective ability of the passive film, and better corrosion resistance of the material [30]. As
shown in the table, the R¢ values of wrought and SLM Ti-6Al-4V are 4.36 x 10° Q-cm? and
3.49 x 10* O-cm?, respectively. The R; of the wrought alloy is approximately 3.22 times
that of the SLM Ti-6Al-4V, indicating that the passive film formed on the SLM Ti-6Al-4V
provides relatively weak protection to the substrate [4].

CPE
[
[

R, CPEy

Ry

Rct

Figure 4. An equivalent circuit is used for the quantitative evaluation of the EIS.

Table 2. The fitted 4 EIS data of wrought and SLM Ti-6Al-4V alloys.

R, R¢ CPE CPE,; Ret
(Q2-cm?) (Q-ecm?) (Q-1.S".cm—2) n (Q-1.S".cm—2) (Q-cm?) 2 lox/ (nm)
wrought 21.65 436 x 10° 261 x 107° 0.99 341 x 107 3.12 x 10° 1 20.32
SLM 15.75 3.49 x 104 69 x 1074 0.94 1.52 x 1077 317 x 10*  0.89 7.69

When estimating the passive film thickness using the parallel-plate capacitor model
based on EIS data, it is assumed that the passive film is a homogeneous, compact, and
defect-free single oxide layer behaving as an ideal parallel-plate capacitor, and the capacitive
response is predominantly contributed by the outer passive film while the influence of the
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double layer is neglected. The thickness of the passive film can be determined from EIS
using Equation (1) [32]:

eegA
dox = —(0: (1)

where d, is the thickness of the passive film, C could be determined from EIS data following
constant potential polarization measurements. A is the surface area of the sample, and
¢ is the dielectric constant (the main component of the passive film is TiO,, and a value
of 60 is generally adopted) [33,34]. ¢ is the permittivity of vacuum (8.85 x 10714 F/cm).
The calculated results are summarized in Table 2. It can be observed in Table 3 that the
passive film thicknesses of wrought and SLM Ti-6Al-4V alloys are 20.32 nm and 7.69 nm,
respectively. The passive film formed on the wrought Ti-6Al-4V is slightly thicker than that
on the SLM.

Figure 5 presents the potentiodynamic polarization curves of wrought and SLM Ti-6Al-
4V alloys in 0.05 mol/L H,SOy solution. The potentiodynamic polarization measurement
was conducted over a potential range from —1.5 Vscg to 2 Vgcg. Both alloys exhibit distinct
cathodic and anodic regions in the potentiodynamic polarization curves. The cathodic re-
gion generally reflects the difficulty of the hydrogen evolution reaction. The SLMed alloy is
located at the upper right of the wrought alloy, indicating a higher hydrogen evolution rate.
The anodic region characterizes the corrosion and passivation behavior of the materials,
and both alloys show obvious passivation behavior. The potentiodynamic polarization
curves were fitted using the Tafel extrapolation method [35], and the corresponding fitting
results are listed in Table 3. E.y is the corrosion potential, icor is the corrosion current
density, and iy is the passivation current density. It can be concluded from the fitting data
that the Ecorr of the two alloys is close. However, a remarkable difference is observed in
their corrosion current densities icorr: the Ecorr Value of SLM Ti-6Al-4V is approximately
3.94 times that of the wrought alloy, indicating superior corrosion resistance of Ti-6Al-4V [4].
In the passive region, the passive current densities 7, of the wrought and SLM alloys are
(2.14 4 0.13) x 107® A/cm? and (6.78 + 0.16) x 10~° A/cm?, respectively. The lower ip of
the wrought Ti-6Al-4V alloy demonstrates that its passive film provides stronger protection
to the substrate. When the potential exceeds 0.75 Vgcg, the passive current densities of both
alloys increase significantly, indicating that the passive film is damaged and the anodic
dissolution takes place again. The appearance of secondary passivation occurs for both
alloys at an applied potential of 1.27 Vgcg. It demonstrates that the passive film on the
titanium alloy has moderate self-healing ability.
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——SLM
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E (VscE)

0.0 4

=0.5 1

=1.0

-1.5 . r . . r .
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icorr (Alcm?)

Figure 5. Potentiodynamic polarization curves of the two tested Ti-6Al-4V alloys in 0.05 mol/L
H,S04 solution.
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Table 3. Electrochemical parameters derived from Figure 6.
Ecorr (Vscp) icorr (A/cm?) ip (A/cm?)
wrought ~ —0.68~—0.66 157 x 107°~1.85 x 107® 2,01 x 107°~2.27 x 10~°
SLM —0.72~-0.66 657 x 1076~6.89 x 10°®  6.76 x 10 °~6.80 x 10~°
2 0x1010 4 Wrought ]
' = SLM ‘{
o
_ 1.5x10"° )
N
'Y
) 10
5 1.0x10";
D)
o
5.0x10° -
0.0 4
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Figure 6. Mott-Schottky plots of two tested Ti-6Al-4V alloys in 0.05 mol/L H,SOy solution.

3.3. Mott-Schottky Analysis

To further investigate the characteristic differences between the passive films formed
on the two alloys, Mott-Schottky measurements were conducted in H,SO, solution.
Figure 6 displays the Mott-Schottky curves of the two Ti-6Al-4V alloys in 0.05 mol/L
H)S0y4 solution. Both curves exhibit a positive slope, indicating that the passive films
on both alloys exhibit an n-type semiconductor [36]. This feature is mainly attributed to
donor-type defects such as oxygen vacancies and interstitial titanium ions present in the
oxide layer. A larger slope in the Mott—Schottky plot corresponds to a lower carrier density,
implying a lower defect density and a more compact structure of the passive film, thus
leading to superior corrosion resistance [37]. The carrier density (Np) can be calculated
using Equations (2) and (3) [4,38]:

12 (E—EFB—keT> 2)

)

where C is the space-charge capacitance, Np is the carrier density, e is the elementary
charge (1.6029 x 10! C), k is the Boltzmann constant (1.389 x 10~2® J/K), E is the
electrode potential, Epp is the flat-band potential, and T is the absolute temperature. The
main component of the passive film is TiO,, and its dielectric constant ¢ is 60 [4]. For an
n-type semiconductor, 1/C? is proportional to E and inversely proportional to Np.

The slope of the curve for wrought Ti-6Al-4V is lower than that of the SLM Ti-6Al-4V.
The corresponding results are listed in Table 4. As can be seen from the table, the carrier
densities ND of the wrought and SLM alloys are 5.45 x 10! cm ™3 and 7.07 x 10! cm~3,
respectively. The defects in the passive film of titanium alloys are oxygen vacancies and
interstitial metal cations [39]. Generally, a higher carrier density corresponds to lower
protective ability of the passive film and poorer corrosion resistance [7,40]. The lower
carrier density of wrought Ti-6Al-4V further confirms its superior corrosion resistance
compared with the SLM alloy.
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Table 4. The donor density for passive films on two tested Ti-6Al-4V alloys in 0.05 mol/L HySOy4 solution.

Wrought SLM
Np (ecm™3) 5.45 x 1017 7.07 x 10Y°

3.4. XPS Analysis of Passive Film

X-ray photoelectron spectroscopy (XPS) was used to characterize the chemical compo-
sition and depth distribution of passive films formed on Ti-6Al-4V in 0.05 mol/L H,SO4
solution. Figure 7 shows the XPS of the passive film formed on wrought Ti-6Al-4V. The
XPS reveals that the film is mainly composed of C 1s, Ti 2p, O 1s, and V 2p. The charac-
teristic peaks of these elements vary to different degrees with increasing sputtering time
(etching depth). In addition, no Ti LMM Auger peak is observed on the outermost surface
within the high binding energy region, whereas this peak becomes distinct after sputtering.
Meanwhile, the intensity of the O KLL Auger peak first increases markedly and then
decreases gradually.

Ti2p
O1s
V2p
O KLL
Ti LMM
Ti LMM1

Intensity (a.u.)

0 200 400 600 800 1000 1200
Binding energy (eV)

Figure 7. XPS of the surface passive film formed on wrought Ti-6Al-4V alloy in 0.05 mol/L HySOy4
solution.

Figure 8 shows the atomic percentages of each element obtained from XPS. The relative
atomic percentage of Ti increases continuously with sputtering time, while those of V and
Al show only a slight increase. By contrast, the relative atomic percentage of O decreases
gradually, which is attributed to the gradual removal of surface oxides during prolonged
sputtering. Since the chemical state of Ti is mainly reflected by the Ti 2p peak, peak fitting
was performed on the Ti 2p spectra to identify the specific chemical forms of Ti in the
passive film [21].

100

6.98% 8.73% 8.37% 9.65% 10.29% g|12sp
V2p
sl Ti2p
N : - (P 40.89%
@ 60 | [62.78% 1%
=)
©
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o 40 |
o
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| o 43.00%
20 35.81% 20:96%
29.41%
0 . v " y '
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Figure 8. The atomic concentrations of elements in the passive film on wrought Ti-6Al-4V in
0.05 mol/L HpSO4.
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Figure 9 presents the peak-fitting results of the Ti 2p XPS spectra for the passive
film on wrought Ti-6Al-4V at different depths. The outermost layer contains 74.34%
TiO, and 9.50% Ti; O3, indicating that the surface film is dominated by TiO;. As a wide-
bandgap semiconductor, TiO, possesses a large bandgap, requiring high energy for electron
transition from the valence band to the conduction band, which endows the passive film
with excellent protectiveness. Generally, a higher TiO, content corresponds to a larger

charge-transfer resistance and stronger protection [41].

(a) Os TiO,  74.34% (b) 10s ——TiO, 43.75%
—Ti,0; 9.50% —— TiOOH 24.33%
TiO  459% —TiO  18.59%
Ti 11.57% Ti o 13.33%
= Raw data = — Raw data
3 —— Fit s —Fit
2 2
= =
c f
2 2
£ £
450 455 460 465 470 450 455 460 465 470
Binding energy (eV) Binding energy (eV)
(c) 20s ——TiO, 32.70% (d) 30s ——TiO, 1.00%
—— TiOOH 19.63% —— TiOOH 10.95%
—Ti0O  25.33% —Ti0O  18.25%
Ti 22.34% Ti 69.80%
- — Raw data — Raw data
S — Fit = —— Fit
s 8
e 2
= =
c f
2 2
£ £
450 455 460 465 470 450 455 460 465 470
Binding energy (eV) Binding energy (eV)
(e) 40s —— TiOOH 7.28%
—Ti0O  21.05%
Ti 71.67%
— Raw data

— Fit

Intensity (a.u.)

450 455 460 465 470
Binding energy (eV)

Figure 9. The chemical state of element Ti in the passivation film of wrought Ti-6Al-4V alloy and its

variation with sputtering time.

With increasing sputtering time, the TiO, fraction decreases sharply, dropping to
43.75% after 10 s of sputtering. At this depth, TIOOH (24.33%) and TiO (18.59%) are
detected. After 20 s of sputtering, the TiO, content continues to decrease (32.70%). When
the sputtering time reaches 30 s, TiO, almost disappears (only 1.00%), and the fractions of
TiOOH and TiO decrease to 10.59% and 18.25%, respectively. Meanwhile, the content of
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metallic Ti increases significantly, reaching 69.80% and 71.67% at sputtering times of 30 s
and 40 s, respectively.

Figure 10 shows the full XPS survey spectrum of the passive film on SLM Ti-6Al-4V.
Characteristic peaks of C 1s, Ti 2p, O 1s, and V 2p are also detected, and their evolution
with sputtering time is consistent with that observed for the wrought alloy.

Ti2p
O1s
V2p
O KLL
Ti LMM
Ti LMM1

Intensity (a.u.)

0 200 400 600 800 1000 1200
Binding energy (eV)

Figure 10. XPS spectra of the surface passive film formed on SLM Ti-6Al-4V alloy in 0.05 mol/L
H,S0Oy4 solution.

Figure 11 shows the atomic percentages of elements in the passive film of the SLM
alloy. The relative atomic percentage of Ti increases continuously with sputtering time,
whereas those of V and Al increase slightly, and the O percentage decreases gradually.

100
6.69% 7.49% 7.34% 6.31% 8.26% | |—JAl2p
— O1s
V 2p
80 [ Ti2p
48.58% 43.68%
g c0.6ov|  |5601%|  |5%56% )
S el |0
o
©
&
3 rogns]
o Et5a%—
o 40 2%
o F6:85%=
F104%—
46.08%
20 - 38.68% e
31.67% 35.55% S
0 L L 1 L L
0 10 20 30 40

Spurring time (s)

Figure 11. The atomic concentrations of elements in the passive film on SLMed Ti-6Al-4V in
0.05 mol/L HSOy4.

Peak-fitting results of the Ti 2p spectra at different depths for the SLM Ti-6Al-4V are
displayed in Figure 12. The outermost passive film contains 71.26% TiO;, slightly lower
than that of the wrought counterpart, and 10.41% TiyOs3, slightly higher than that of the
wrought counterpart. After 10 s of sputtering, the TiO, content drops rapidly to 28.45%,
Ti,O3 disappears, and TIOOH (34.66%) and TiO (23.74%) appear. The TIOOH fraction
is approximately 1.42 times that in the wrought alloy. After 20 s, the TiO, content in
the SLM alloy is only 9.66%, about 30% of that in the wrought counterpart at the same
sputtering time. After 30 s, TiO; disappears in the SLM alloy, while 1.00% TiO, remains
in the wrought alloy. At 40 s, TiO, completely disappears, and the fraction of metallic Ti
increases to 78.56%.
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Figure 12. The chemical state of element Ti in the passivation film of Ti-6Al-4V alloy prepared by

SLM technology and its variation with sputtering time.

Compared with the wrought counterpart, the TiO, content in the passive film of the

SLMed alloy is considerably lower, indicating that the passive film formed on SLMed

Ti-6Al-4V is thinner compared with the wrought counterpart. This is consistent with the

passive film thickness calculated earlier.

4. Conclusions

The corrosion behaviors of forged and SLM-formed Ti-6Al-4V alloys in 0.05 mol/L
H)S0y4 solution were characterized using electrochemical impedance spectroscopy

)

@)

and potentiodynamic polarization curves. The results show that the forged alloy

exhibits a larger polarization resistance, a thicker passive film, and a lower corrosion

current density, indicating that its overall corrosion resistance is superior to that of
the SLM-formed alloy.
Mott-Schottky analysis reveals that the passive films on the surfaces of the alloys

fabricated by both processes exhibit n-type semiconductor characteristics. Among

them, the forged alloy shows a larger slope and lower carrier concentration, suggesting
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fewer defects, a more compact structure, and stronger protective ability of its surface
passive film.

(3)  XPS depth profiling results demonstrate that with increasing sputtering time, the TiO,
content in the passive films of both alloys gradually decreases until it disappears,
while the contents of TIOOH and TiO increase progressively. Ti is barely detected on
the surface but increases significantly with etching depth and eventually becomes the
main component.

(4) The electrochemical tests, Mott—Schottky analysis and XPS characterization results
mutually verify that the forged Ti-6Al-4V alloy possesses overall better corrosion
resistance than the SLM-formed alloy in a 0.05 mol/L H»SO4 environment.
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