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The effects of different current densities in micro-arc oxidation Received 18 September
(MAO) on the microstructure and corrosion resistance of electron 2024

beam welded Ti6Al4V alloy joints are investigated by scanning Revised 24 October 2024
electron microscopy (SEM), energy-dispersive X-ray spectroscopy  Accepted 5 November

(EDS), X-ray diffraction (XRD). The electrochemical corrosion behav- 2024

ior is studied in a 3.5% NaCl solution by polarization and electro- KEYWORDS

chemical impedance spectroscopy (EIS). The thickness of the Ti6Al4V; electron beam
BM-MAO coating (base metal region) increases gradually with cur- ~ welded joints; micro-arc

rent densities and reaches a maximum at 16 A/dm2. In comparison, ~ ©xidation; current
the thickness of the WZ-MAO coating (welded zone) increases ini-  densities; corrosion
tially and reaches a maximum at 12 A/dm? before decreasing grad- resistance

ually. When the current density is 10-14A/dm? the WZ-MAO

coating is thicker than the BM-MAO coating. However, the thick-

ness of the WZ-MAO coating is smaller at 16 A/dm?. The BM-MAO

and WZ-MAO coatings show decreased porosity with increasing

current densities, and the porosity of the latter is lower. Dynamic

potential polarization tests reveal a significant reduction in the

self-corrosion current density at the BM area and welded joint

(WJ), by an order and two orders of magnitude, respectively, after

the application of MAO coatings with different current densities.

The BM-MAO and WJ-MAO coatings deposited at a current density

of 12A/dm? exhibit optimal corrosion resistance. The corrosion

resistance of BM-MAO coating is better than that of WJ-MAO at

different current densities according to the equivalent resistance

and dielectric behavior.

1. Introduction

Titanium and its alloys are widely used in aerospace, marine engineering, and bio-
medical fields due to their excellent properties such as low density, high specific
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strength, corrosion resistance, heat resistance, wide operating temperature range
[1-3], high damping and superelasticity [4,5]. With the development of marine
equipment and high-performance ships, the application of titanium alloys to the
field of marine engineering has shown a trend of rapid growth and has become
necessary material for the manufacture of high-performance structural components.
They are used in various aspects of marine engineering, such as the exploration
and development of marine resources, seawater desalination, pressure-resistant shells,
engine parts, and so on. In marine equipment manufacturing, welding is an indis-
pensable process. The proper welding method can improve the efficiency and quality
of manufacturing [6,7]. However, titanium and its alloys are prone to corrosion in
seawater environments due to changes in microstructure, reduced mechanical prop-
erties, and corrosion resistance of the joints after welding [8,9]. Therefore, it is
necessary to protect the surface of titanium alloy joints. The micro-arc oxidation
(MAO) technology generates a ceramic layer on the surface of titanium and its
alloys to improve the wear resistance, corrosion resistance, and other properties and
prolong the service life of the components [10-15]. Shokouhfar et al. investigated
the effect of nanoparticle incorporation on the corrosion resistance of micro-arc
oxidation (MAO) coatings on titanium alloys through the addition of various
nanoparticles into the electrolyte. Their results demonstrated that the inclusion of
nanoparticles effectively filled the micropores in the oxide film, reducing surface
roughness and porosity, which in turn significantly improved the corrosion resistance
of the MAO coating [16]. Sobolev et al. studied the influence of pulse frequencies
ranging from 200 to 1000Hz on the surface morphology and corrosion resistance
of Ti6Al4V ceramic coatings. Their findings revealed that at a higher pulse frequency
of 1000Hz, the ceramic coating exhibited increased density and lower porosity.
Compared to untreated titanium alloy, the ceramic coating produced at 1000 Hz
showed significantly enhanced corrosion resistance [17]. Li et al. provided a com-
prehensive review of existing research on the micro-arc oxidation (MAO) of titanium
alloys, examining key aspects such as the MAO mechanism, MAO electrolyte, process
parameters—including current, voltage, pulse frequency, and oxidation time—as well
as pre-treatment of titanium alloy substrates. The study emphasized that the MAO
process plays a critical role in determining the properties of the oxide film formed
on titanium alloy surfaces, which directly impacts the corrosion resistance of the
coatings. However, while existing research primarily focuses on variations in current
modes, voltage levels, pulse frequencies, and oxidation times, limited attention has
been given to the effects of current density during MAO, especially regarding tita-
nium alloy welded joints. Therefore, further investigation into the preparation of
MAO coatings on titanium alloy welded joints and the evaluation of their corrosion
resistance is essential for advancing the use of titanium alloy components in marine
engineering applications [18-21]. Preliminary research has been reported in ref.
[22], but further research is still needed.

The primary factors influencing the quality of MAO coatings are the electrolyte
and electrical parameters [23,24]. In particular, the current density plays a pivotal
role in determining the thickness, composition, and morphology of MAO coatings
[25,26]. Herein, the effects of different MAO current densities (10, 12, 14, and 16 A/
dm?) in the Na,SiO,-Na,PO, composite electrolyte on the base metal (BM) and
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Table 1. Micro-arc oxidation electrolyte formulation.
Component Na,SiO, Na,PO, NaOH
Concentration (g/L) 15 10 1

Table 2. Micro-arc oxidation process parameters.

Current density(A/dm?) Pulse frequency (Hz) Duty cycle (%) Oxidation time (min)
10 100 20 20
12 100 20 20
14 100 20 20
16 100 20 20

Figure 1. Macroscopic morphology of titanium alloy electron beam welded joints.

welding zone (WZ) coatings of Ti6Al4V electron beam welded joints (WJ) are
investigated, especially the microstructure and corrosion resistance.

2. Materials and methods
2.1. Preparation of MAO coatings

The Ti6Al4V titanium alloy belongs to the category of (a+p) duplex titanium alloys
[27]. The Ti6Al4V titanium alloy plates measuring 50 x50 x2mm were polished
with SiC sandpaper (ranging from 400# to 1200#), ultrasonically cleaned in acetone
and alcohol, and air dried. The welding process adopted a high voltage of 65kV,
an electron beam current of 10mA, a focusing current of 264mA, and a speed of
300 mm/min. The electrolyte was a Na,SiO;-Na,;PO, and the composition is shown
in Table 1.

MAO was conducted by the constant current mode as shown in Table 2. Perform
micro arc oxidation treatment on different areas of the electron beam welded sample,
as shown in Figure 1, which are divided into the base metal area (BM) and the
welding area (WZ) of the welded joint (WJ).

2.2. Microstructure characterization

The surface and cross-sectional morphologies of the Ti6Al4V electron beam welded
joints, both before and after the application of MAO coatings, were examined by
scanning electron microscopy (SEM, Gemini 500) equipped with energy-dispersive
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Figure 2. Sampling locations for electrochemical experiments in the base metal area (BM) and
welded joint (WJ).

X-ray spectroscopy (EDS, Bruker D8 Advance). The phase composition of the
Ti6Al4V electron beam welded joints and MAO coatings prepared with different
current densities were analyzed by X-ray diffraction (XRD, X’PERT PRO).

2.3. Electrochemical tests

Electrochemical characterization was conducted using a CorrTest CS350H electro-
chemical workstation and the traditional three-electrode configuration. In this setup,
the sample with an exposed area of 1cm? was the working electrode. A platinum
electrode functioned as the counter electrode, creating a circuit with the working
electrode, while a saturated calomel electrode was the reference electrode. The
selected areas for the samples of BM and W] samples are shown in Figure 2. The
experiments were performed at room temperature in a 3.5wt.% NaCl solution. The
potentiodynamic polarization test was conducted at a scanning rate of 10mV-s™!
and a scanning range of —1~2V (vs. OCP). Electrochemical impedance spectroscopy
(EIS) was conducted in a frequency range of 100kHz to at 107'Hz and 10mV
around the OCP. The required time to reach a steady state was 2h. Each style
undergoes three repeated tests to ensure the accuracy of the test data.

3. Results
3.1. Microstructure of titanium alloy electron beam welded joints

Figure 3 shows the microstructure of different regions in the electron beam welded
joint of Ti6Al4V titanium alloy. Figure 3a indicates that the primary microstructure
of the base material (BM) region is composed of the primary alpha phase (dark
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Figure 3. SEM images in (a) base material (BM); (b) welded zone (WZ).

Figure 4. Surface morphology and pore distribution of BM-MAO coatings for different current den-
sities: (a) 10 a/dm?; (b) 12 a/dm? (c) 14 a/dm? (d) 16 a/dm?

color) and the intergranular beta phase (bright color). Figure 3b shows that the
needle shaped o' martensite is the main microstructure of the WZ in Ti6Al4V after
electron beam welding. o' martensite with the same orientation nucleates and pre-
cipitates at the B grain boundary, and is distributed in a feather shape [28]. There
is also some needle shaped o' martensite with irregular distribution and vertical
growth [29].

3.2. Effects of current density on the surface morphology of MAO coatings

The surface morphology and pore distribution in the MAO coatings on the base
metal (BM-MAO) and welded zone (WZ-MAO) using different current densities
are depicted in Figure 4 and Figure 5, respectively. The surface morphologies of
MAO-BM and MAO-WZ coatings are similar, with the oxide film surface being
covered by molten materials and showing a heterogeneous distribution of micropores
resembling volcanos. These micropores predominantly manifest in two shapes: elon-
gated and elliptical [30]. A larger current density increases the amount of molten
materials on the coating surface, changes the surface roughness, reduces the number
of micropores, and displays a trend in which the overall micropore size initially
increases and then decreases.
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Figure 5. Surface morphology and pore distribution of WZ-MAO coatings for different current den-
sities: (a) 10 a/dm? (b) 12 a/dm? (c) 14 a/dm?; (d) 16 a/dm?.

Figure 6. Aperture ratio and porosity of (a) BM-MAO coating and (b) WZ-MAO coating for different
current densities.

The surface morphology can be attributed to two primary factors. First, upon
reaching the breakdown voltage, anions in the electrolyte migrate toward the sub-
strate and enter the discharge channel driven by the electric field. At the same time,
under high pressure and temperature conditions, the weaker points on the surface
are preferentially breached, thus initiating a series of chemical reactions in the
electrolyte to form molten oxidation products. These products are then expelled
from the discharge channel due to the high pressure, cooled by the electrolyte, and
subsequently deposited on the substrate surface to create a crater-like morphology.
Furthermore, the gas discharge arising from these reactions further contributes to
crater formation. Figures 4 and 5 also reveal the presence of numerous microcracks
in the MAO coatings stemming from high thermal stress during rapid cooling upon
contact with the electrolyte [31-34].

Figure 6, respectively, illustrates the porosity and pore size of the BM-MAO and
WZ-MAO coatings. Figure 6 indicates that micropores with sizes of 1-2pm are the
majority in the BM-MAO and WZ-MAO coatings. Therefore, pores smaller than 1
micrometer are not considered. This predominance of smaller pores during the
initial stages of micro-arc oxidation is because the lower energy generates primarily
small holes. As the current density and energy increase, the reactions intensify to
produce more small holes. These pores, mainly volcanic in shape (indicated by



JOURNAL OF ADHESION SCIENCE AND TECHNOLOGY 807

yellow circles), evolve as multiple smaller pores fuse to create larger apertures pre-
dominantly elongated in shape (indicated by white circles), thereby increasing the
proportion of pores larger than 2um. As the current density increases (such as 16 A/
dm?), more melt forms, leading to a self-sealing of pores and closure of large-aperture
micropores. This results in a gradual decrease in the percentage of pores and an
overall larger surface roughness of the MAO coating.

Figure 6 shows that the coatings fabricated on both BM and WZ regions demon-
strate a decrease in porosity with increasing current densities. This reduction in
porosity arises from that the molten materials cover some of the micropores and
enhance self-sealing at higher current densities. As the current density goes up, the
melted area produces more self-sealing holes. The cycle of melting and cooling
decreases the micropore numbers. In addition, at different current densities, the
porosity of WZ-MAO coatings is slightly lower than that of BM-MAO coatings.
This is largely because of the longer and larger frequency of self-sealing. The phe-
nomenon is primarily due to the microstructural characteristics of the WZ region,
which predominantly consists of coarse metastable needle-like o’ martensite before
MAO (35, 36]. This form of martensite exhibits a higher susceptibility to micro-arc
oxidation reactions. In comparison with other regions, the welded zone experiences
micro-arc oxidation reactions that not only last longer and occur more frequently,
but also possess greater energy. This combination of factors contributes to less
porosity during this process.

3.3. Effects of current densities on the thickness of MAO coatings

Figures 7 and 8 illustrate the cross-sectional morphologies of the BM and WZ
regions subjected to micro-arc oxidation processes using different current densities.
Figure 7 displays the correlation between the mean coating thickness and the current
density. The cross-sectional morphology of the MAO coatings on both BM-MAO
and WZ-MAO exhibits a similar structure, featuring a loose outer layer and a dense
inner layer. The growth of the coating, both inward and outward, results in an
uneven thickness distribution. Moreover, a metallurgical bond is formed between
the dense layer and the substrate [37]. Figure 7 reveals that the thickness of the
BM-MAO coating increases with current densities. Specifically, the average coating
thickness increases from 7.7 to 12.7 um as the current density rises from 10 A/dm?
to 16 A/dm* A higher current density produces a more vigorous micro-arc oxidation
reaction, thus fostering the generation of molten materials and thicker coatings.
Figure 8 shows that the thickness of the MAO coating in the WZ region first
increases and then decreases, reaching its maximum at a current density of 12 A/
dm? This is because the coarse metastable needle shaped a’ martensite formed in
the WZ region (Figure 2) during the welding process has a relatively lower break-
down voltage compared to other regions. Under the same process, the micro arc
oxidation time that occurs in the WZ region is longer and the energy density is
higher compared to BM regions, resulting in the maximum coating thickness in the
WZ region. However, as the current density further increases, the WZ region expe-
riences continuous breakdown and detachment of the coating at high current den-
sities, and the thickness of the coating begins to decrease. At the same time, the
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Figure 7. Cross-sectional morphology of BM-MAO coatings at different current densities: (a) 10 a/
dm? (b) 12 a/dm? (c) 14 a/dm? (d) 16 a/dm?2.

Figure 8. Cross-sectional morphology of WZ-MAO coating at different current densities: (a) 10 a/
dm? (b) 12 a/dm? (c) 14 a/dm?; (d) 16 a/dm?.
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Figure 9. Variation of MAO coating thickness with current densities.

maximum thickness of the film layer begins to decrease at a current density of
12A/dm?, and the minimum thickness begins to decrease at a current density of
14 A/dm?.

Furthermore, it can be observed that as the current density increases, the defects
in the coating first increase and then decrease. Microcracks can be observed in the
coating prepared at a current density of 12A/dm? When the current density is
greater than 12 A/dm? no defects such as pores are observed in the coating, indi-
cating that at high current densities, the energy of micro arc oxidation is greater,
resulting in an increase in the melting area of the coating and an increase in the
pore size (Figure 5g). The occurrence of self-sealing pores in the coating increases,
but it also indicates an increase in roughness. However, due to the significant ther-
mal stress generated during the cooling process of the molten material, cracks appear
on the surface of the coating, leading to the detachment of the coating, resulting
in a continuous decrease in coating thickness.

Figure 9 shows the thickness variation trend of BM-MAO and WZ-MAO coatings.
The increase in current density increases the intensity of MAO reaction, and the
thickness of BM-MAO coating increases with the increase of current density, while
the thickness of WZ-MAO coating first increases and then decreases. When the
current density is 12 A/dm?, the thickness of MAO coating is relatively large, and
there are fewer cracks in the coating that bond well with the substrate. When the
current density is greater than 12 A/dm? due to the relatively high energy density
of micro arc oxidation, the melting area of the coating increases, and the occurrence
of self-sealing pores increases. The coating continuously undergoes remelting and
cooling, and the number of micro pores in the coating decreases. The pore size
and surface roughness increase, and the defects in the inner layer are repaired.
However, due to the cooling effect of the electrolyte on the molten material, a large
thermal stress is generated, resulting in the breakdown and detachment of the
coating, a decrease in thickness, obvious cracks in the cross section, and detachment
of the film layer from the substrate. Due to the different microstructures of the BM
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Figure 10. XRD spectra: (a) BM-MAO; (b) WZ-MAO at various current densities.

and the weld seam, the difficulty of micro arc oxidation varies. This results in
different energy densities and coating thicknesses for the BM and weld seam under
the same process. In order of difficulty, BM > WZ. This is because the closer to the
center of the weld seam, the more needle shaped o' martensite in the metastable
state and the coarser the microstructure. Therefore, when the current density does
not exceed 14 A/dm?, the coating thickness and maximum coating thickness in each
region show an upward trend, in the order of WZ>BM. When the current density
is 16 A/dm?, the larger energy density leads to the detachment of the WZ-MAO
coating, resulting in a significant decrease in the thickness of the coating. The
thickness of the BM-MAO coating shows an upward trend, with no inflection point
displayed. This is mainly due to the relatively small degree of micro arc oxidation
reaction occurring in this area, and the relatively small thermal stress generated
during cooling. At this time, microcracks mainly occur (Figure 4g), and the break-
down and detachment phenomenon of the coating is not obvious.

3.4. Effects of current densities on the phase composition of MAO coatings

Figures 10 and 11 present the X-ray diffraction (XRD) spectra of the BM and WZ
coatings at various current densities. The phase composition of the MAO coatings
is consistent for different current densities in each respective region composed of
both rutile and anatase forms of TiO,. The a/a’ phase diffraction peak appears
because the thin coating lets X-ray penetrate the MAO layer to reach the substrate.
Figure 11a shows that the concentration of stable rutile TiO, in the BM region
increases with current densities, although it increases slowly after 12 A/dm?
Figure 11b shows that the maximum concentration of rutile TiO, in the WZ region
occurs at 10 A/dm?, with diffraction peaks of SiO, becoming noticeable at 12-16 A/
dm? As the current density continues to rise, the rutile TiO, content decreases
(Figure 11b), and SiO, diffraction peaks emerge at this juncture. The surge observed
at 16 A/dm? corresponds to the most intense reaction phase and the thermal accu-
mulation effect, facilitating the phase transformation of anatase TiO, to other phases.
Compared to the BM-MAO coating, the concentration of stable rutile TiO, in
WZ-MAO coating is smaller at current densities of 12—-16 A/dm?.
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Figure 11. Relative content of rutile and anatase TiO,: (a) BM-MAO and (b) WZ-MAO at different
current densities.

Figure 12. Kinetic potential polarization curves of BM and WJ in 3.5wt.% NaCl solution before and
after preparation of MAO coating: (a) BM; (b) WJ.

3.5. Effects of current densities on corrosion resistance

3.5.1. Dynamic potential polarization

Figure 12 shows the dynamic potential polarization curves of the BM and WJ
without micro arc oxidation treatment, as well as the BM and W] treated with
micro arc oxidation at different current densities (10, 12, 14, 16 A/dm?), with the
corresponding fitted results shown in Table 3. Table 3 demonstrates a significant
reduction in the self-corrosion current density in the BM region by an order of
magnitude, whereas in the W] region, the reduction is two orders of magnitude.
There is a notable enhancement in the self-corrosion potential in both regions. This
improvement in corrosion resistance due to the MAO coatings can be linked to
their effectiveness in slowing erosion and mitigating galvanic coupling corrosion
between the BM and W] regions, thereby offering enhanced protection for the WJ
region. Table 3 shows that there is not much difference in the corrosion resistance
of the BM-MAO and WJ-MAO coatings under different current densities. Compared
to the others, the corrosion resistance is a little better at current densities of 12 A/
dm? and 14 A/dm?.
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Table 3. Fitted polarization results before and after MAO.

Sample Ecorr/V Icorr/A-cm=2
BM —0.482 1.08x1076

BM-MAO-10 A/dm? —-0.525 5.563x 107
BM-MAO-12 A/dm? —-0.307 6.169x 1077
BM-MAO-14 A/dm? —0.411 4434%x107
BM-MAO-16 A/dm? —0.294 8.031x 1077
W) -0.733 1.14x 1075

WJ-MAO-10 A/dm? —0.415 6.601x 1077
WJ-MAO-12 A/dm? —-0.388 6.838x 1077
WJ-MAO-14 A/dm? —-0.399 5.994 % 10”7
WJ-MAO-16 A/dm? —-0.434 6.761x 1077

3.5.2 Electrochemical impedance spectroscopy (EIS)

Figure 13 displays the EIS curves for the BM and W] without micro arc oxidation
treatment, as well as the BM and W] treated with micro arc oxidation at different
current densities (10, 12, 14, 16 A/dm?), with the corresponding fitted results shown
in Table 4. The Nyquist plots of BM-MAO and WJ-MAO reveal two capacitive loops
at current densities of 10 A/dm? and 12 A/dm?, suggesting a bilayer coating. However,
the MAO coatings fabricated at current densities of 14 A/dm? and 16 A/dm? exhibit
only a single capacitive loop. The impedance |Z| at a frequency of 0.1 Hz of the
BM-MAO coatings is similar. However, that of the WJ-MAO coatings follows the
order: |Z| at 12A/dm? > |Z| at 10 A/dm? > |Z| at 14 A/dm? > |Z| at 16 A/dm?. This
sequence signifies that the coatings produced at a current density of 12 A/dm? pos-
sess superior corrosion resistance. Moreover, the |Z| values of BM-MAO coatings
are higher than those of WJ-MAO coatings, indicating better corrosion resistance.
This enhanced performance is attributed to the more homogeneous nature of the
coating in the BM region with less defects.

According to Table 4, the resistances R, and R, generally exhibit a trend of initial
increase and then decrease with current densities. Notably, R, and R, of the MAO
coating show a peak at a current density of 12A/dm?% The resistances R, and R,
of BM-MAO coatings are bigger than those of W]-MAO coatings, indicating better
corrosion resistance. Moreover, R, of the W]-MAO coatings at current densities of
14 and 16 A/dm? is very low because at high current densities, the coating is broken
down and detached, and there is a very loose outer layer or almost no outer layer
(e.g. Figures 7 and 8).

Table 4 also shows that the constant phase element (CPE,-Q,) of the BM-MAO
coatings is lower than that of the WJ-MAO coatings and reaches its lowest value
at a current density of 12 A/dm? whereas for the WJ-MAO coating, the minimum
CPE,-Q, is observed at a current density of 10 A/dm? This discrepancy arises from
the more vigorous MAO process in the WZ region. Despite a decrease in porosity,
there is a notable increase in the surface roughness and consequently, an expansion
in the surface area for WJ-MAO coatings at different current densities. This leads
to an enhanced surface capacitance which displays a consistent upward trend.
Therefore, the absorbability of dielectric charges is higher to facilitate charge transfer
and corrosive dissolution of metal ions. However, with regard to the BM-MAO
coatings, the small pore size allows less corrosion solution to penetrate the pores.
During electrochemical corrosion, the migration speed of ions is much slower than
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Figure 13. (a, ¢, e) Nyquist, impedance modulus and phase angle plots of BM-MAO; (b, d, f)
Nyquist, impedance modulus and phase angle plots of WJ-MAO.

the movement speed of electrons, leading to the formation of a double dielectric
layer structure at the pores. The presence of a large number of pores results in a
double dielectric layer structure on the surface of the coating, where both dense
and dispersed layers coexist. Due to the stability of the double dielectric layer
structure, the coating with higher porosity and smaller average pore size has good
corrosion resistance.

4. Discussion

This study explores the impact of the MAO current density on the microstructure
of MAO coatings in the BM region and WZ of Ti6Al4V electron beam W] as well
as the corrosion resistance of the BM coating and WJ-coating. The porosity of
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Table 4. Fitted EIS results of BM-MAO and WJ-MAO coatings for different current densities.

Parameters
CPE, CPE,
Samples Rs (Q-cm?) Q, N, R, (kQ-cm?) Q, N, R, (MQ-cm?)
BM-MAO-10 A/dm? 29.02 1.45x10°° 0.65 22.76 1.47x107° 0.43 2.285%x 107
BM-MAO-12 A/dm? 30.21 8.1x1077 0.65 27.35 9.41x10°° 0.44 2.875x107
BM-MAO-14 A/dm? 33.03 6.9%x 1077 0.64 10.81 1.51x10™° 0.46 1.885x 107
BM-MAO-16 A/dm? 61.11 9.1x1077 0.65 14.17 1.67%x107° 0.46 1.575%x107
WJ-MAO-10 A/dm? 31.81 8.18%x 1076 0.56 8.47 1.48x107° 0.65 2.085x 107
WJ-MAO-12 A/dm? 34.56 1.22%x10°° 0.61 11.44 1.77%x107° 0.44 2.795x 107
WJ-MAO-14 A/dm? 30.12 2.91%x10°¢ 0.64 0.24 3.31%x10°° 0.52 2.715%x107
WJ-MAO-16 A/dm? 30.23 1.08%x10°¢ 0.65 0.34 3.95x107° 0.47 1.065 x 107

BM-MAO and WZ-MAO coatings decreases with increasing current densities.
However, the porosity of BM-MAO coatings is higher than that of WZ-MAO coat-
ings at different current densities. The average thickness of the BM-MAO coating
progressively ascends from 7.7 to 12.7 um with current densities. In comparison, the
thickness of the WZ-MAO coating increases first and then decreases, showing a
maximal thickness of 12.6um at a current density of 12 A/dm? This is due to the
uneven microstructure of the welded joint, with more needle shaped a’ martensite
in the WZ region at high energy than in the BM region. The BM-MAO coatings
and WZ-MAO coatings are mainly composed of rutile TiO, and anatase TiO,. The
rutile TiO, in BM-MAO coating grows with current densities. In comparison, the
content of rutile TiO, in WZ-MAO coating decreases first and then increases. For
anatase TiO,, they are reversed. The BM-MAO coatings and WJ-MAO coatings
show much better corrosion resistance than BM and W] without MAO, achieving
optimal corrosion resistance at 12 A/dm? According to the analysis of the equivalent
resistance and dielectric behavior, the corrosion resistance of the BM-MAO coatings
is better than that of WJ-MAO coatings at different current densities.
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