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Abstract: In order to analyze the effect of voltage during micro-arc oxidation (MAO) on corrosion and wear properties 
of Ti6Al4V (TC4), the MAO technology was employed to treat TC4 samples fabricated by selective electron beam 
melting (SEBM) at the voltages of 400, 420 and 450 V. The results show that the metastable anatase phase gradually 
transforms to rutile phase with oxidation time and temperature increasing. The surface morphology of coating contains 
numerous micropores with uniform size distribution. Cracks and pores over 10 μm are found on MAO-TC4 sample 
with applied voltage of 450 V. The thickness of MAO coating is positively correlated with the voltage. The corrosion 
resistance and wear resistance are related to phase composition, micropore size distribution on the surface and film 
thickness. When the voltage is 420 V, the coating shows the smallest corrosion current density (0.960×10−7 A/cm2) and 
the largest resistance (7.17×105 Ωꞏcm2). Under the same load condition, the coating exhibits larger friction coefficient 
and wear loss than the TC4 substrate. With the increase of voltage, the wear mechanism of the coating changes from 
abrasive wear to adhesive wear, and the adhesive wear is intensified at applied voltage of 450 V, with a maximum 
friction coefficient of 0.821. 
Key words: selective electron beam melting; micro-arc oxidation; TC4 alloy; corrosion; wear property 
                                                                                                             

 

 

1 Introduction 
 

Titanium alloys are widely and frequently used 
due to their high specific strength, corrosion 
resistance and excellent bio-compatibility [1−4]. 
Usually, Ti6Al4V (TC4) alloy is used in high 
value-added fields such as aviation, aerospace, 
bio-medicine and navigation industries as 
structure−function integrated material [5]. However, 
TC4 alloy has shortcomings such as low heat 
transfer coefficient and narrow thermal processing 
window. Therefore, it is difficult to prepare 
complex structures with micro-truss structure, 

porous three-dimensional network structure and 
thin-walled irregular parts of internal flow channel 
by traditional casting and forging processes [6−8]. 
Metal additive manufacturing (AM) makes it 
possible to design and accomplish near net  
forming of complex parts [9,10]. Selective electron 
beam melting (SEBM) is one of the most favored 
AM approaches in the manufacture of TC4 
components [11]. 

SEBM technology enables to effectively avoid 
internal stress and cracks of metal parts during 
rapid cooling due to its high scanning power and 
high scanning rate [12]. In addition, this technology 
has the advantages of high overall precision of 
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forming parts, high material utilization rate and  
low production time, and is one of the typical 
representatives of the powder bed additive 
manufacturing technology [13]. Its characteristic 
high-temperature self-tempering can homogenize 
the microstructure. MURR et al [14] found that the 
tensile strength of SEBM-TC4 is comparable to that 
of the wrought TC4. The lightweight design of 
porous Ti alloys prepared by SEBM technology has 
been widely used in the orthopedic implants, 
automotive, aerospace and other fields [15,16]. To 
date, existing SEBM-TC4 studies have been mainly 
focused on the mechanical properties [14,15]. 
Previous studies [17−20] have shown that surface 
defects are the main factors affecting the corrosion 
and wear properties of SEBM-TC4 alloys. TC4 can 
spontaneously form a stable passivation film in the 
air and solution, which plays a key role in the 
corrosion resistance of TC4. But, passivation films 
are easily destroyed, especially in salt solutions 
containing Cl− ions [21]. At the same time, due to 
the contact with harsh environment, the corrosion 
performance of oil and gas transportation pipeline is 
a key problem. The poor wear resistance of TC4 is 
another problem for its application in human 
implants. Due to wear, a large amount of Ti, Al and 
V debris is produced in the implant, which is easy 
to cause loosening of the implant, leading to the 
failure of implant implantation [7]. Thus, it is 
important to improve the corrosion resistance and 
wear properties of TC4 alloy. Traditional processing 
technologies such as machining and shot peening 
are not suitable for surface treatment of porous 
structures and complex shape parts, and chemical 
corrosion can destroy incompletely melted powder 
with surface depth of 0.5 mm, which is not suitable 
for surface modification of thin-walled parts. It has 
been demonstrated that micro-arc oxidation (MAO) 
post-treatment could improve the corrosion 
resistance and wear properties of Ti alloys [22]. 
Therefore, MAO was employed to treat the 
SEBM-TC4 alloy so as to improve its surface 
conditions and properties. 

The MAO technology, also known as plasma 
electrolytic oxidation, is an environment-friendly 
surface modification technology that generates 
in-situ coating structures on lightweight metals, 
such as Al, Mg and Ti alloys. The micro-arc 
oxidation of Ti alloy is mainly caused by the in-situ 
reaction of Ti4+ ions and OH− ions in the electrolyte 

on the substrate surface forming TiO2 ceramic layer. 
The MAO oxide film exhibits good adhesion of 
B−F (base−film) interface, excellent chemical 
corrosion resistance, high wear resistance and 
temperature resistance [23]. The structure, phase 
compositions and mechanical properties of the 
oxide film can be tailored by MAO parameters. The 
main regulatory parameters of MAO are the current 
density, discharging time, input voltage, and 
electrolyte composition [24]. Studies have shown 
that the smooth, small-pore and uniform oxide films 
were obtained on Ti alloys during the discharging 
process in 10 min [25]. The properties of the MAO 
oxide film are also related to the microstructure 
characteristics of the substrate [26]. In the 
non-equilibrium solidification process of the SEBM 
technology, the obtained microstructures are quite 
different from those generated from traditional 
casting and wrought. Therefore, it is of great 
importance to study the growth characteristics of 
the micro-arc oxidation layer of SEBM-TC4 alloy. 
Furthermore, combining MAO with SEBM 
technology is beneficial to expanding the use of 
additively manufactured parts as structure−function 
parts in key parts and special environments. 

In this work, TC4 samples were prepared by 
SEBM technology, and subsequently, TiO2 coating 
was formed on TC4 substrate by the MAO under 
different processing parameters. The microstructure, 
thickness and phase composition were discussed 
briefly, and the investigation were focused on 
electrochemical corrosion and wear resistance of 
as-built TC4 and MAO oxide films at different 
applied voltages. 
 
2 Experimental 
 
2.1 Preparation of samples 

The TC4 plate with dimension of 38 mm × 
18 mm × 3 mm was manufactured by ARCAM A2 
SEBM machine with spherical TC4 powder, as 
shown in Fig. 1(a). The processes of SEBM [27] 
were described as follows. Firstly, geometrical data 
file was built with a 3D computer aided design 
(CAD), which was sliced into layers with a defined 
thickness. Following the sliced pattern, a focused, 
high power laser or electron beam scanned and 
melted the precursor powders, forming a molten 
pool. As the heating source moved away, the molten 
pool cooled down quickly and solidified to form a 
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track bead. This process was repeated to 
successively build new layers until a final geometry 
was completed. The powder was purchased from 
ARCAM, Sweden, and had a size distribution of 
45−106 μm. The chemical composition of the 
powder is given in Table 1. The processing 
parameters are summarized in Table 2. Figure 1(b) 
shows the surface micro-morphology of the as-built 
TC4 samples, where processing gullies and a large 
number of unmelted or incompletely melted 
powders are observed on the surface. The surface 
roughness of the sample was measured to be 
Ra=33.45 μm and Rz=166.23 μm (according to 
ASME B46.1−2009). 

Prior to the MAO treatment, as-built samples 
were ultrasonically cleaned in acetone for 20 min 
 

 
Fig. 1 Surface morphologies of as-built SEBM-TC4:    

(a) Macroscopic photo; (b) Microscopic image 

 
Table 1 Chemical compositions of TC4 powder (wt.%) 

Al V O Fe Ti 

6.47 4.08 0.08 0.24 Bal. 

 

Table 2 Parameters used for TC4 manufacturing with 

Arcam A2 system 

Preheating 
temperature/ 

°C 

Beam  
spot  

size/μm 

Layer 
thickness/ 

μm 

Scanning 
speed/ 

(mmꞏs−1) 

Vacuum/
kPa 

730 100 70 500 0.2 

and dried in the air. The MAO-TC4 was prepared in 
Na2SiO3 system solution, and the electrolyte 
containing sodium metasilicate is one of the most 
commonly used electrolytes [28]. During MAO 
process, the SEBM-TC4 alloy samples acted as 
anode and stainless steel as the cathode. MAO 
oxide films were prepared at input voltages of 400, 
420 and 450 V, respectively. 
 
2.2 Characterizations of MAO coating 

The surface and cross-section morphologies of 
MAO-TC4 alloy were observed by field emission 
scanning electron microscopy (FE SEM, JSM− 
6700F, Japan). Prior to observation, samples were 
ground by 320, 500, 1200, 1500 and 2000 grit 
metallographic sandpaper gradually and then 
polished with 0.5 μm diamond polishing agent. 
Element analysis of coatings was carried out by the 
energy dispersive X-ray spectroscopy (EDS, 
JSM−6700F, Japan) associated with the SEM 
system. The accelerating voltage is 15 kV, and   
the working distance is 15 mm. The phase 
compositions of the coatings were analyzed by 
X-ray diffraction (XRD−7000, Japan) using Cu Kα 
radiation. 

The polarization curves were measured using 
an electrochemical workstation (PARSTAT 4000, 
America) with three standard electrodes: platinum 
auxiliary electrode, saturated calomel reference 
electrode (SCE) and working electrode at room 
temperature. Samples with and without MAO (with 
surface area exposure of 1 cm2) were immersed in 
3.5% NaCl solution for 30 min to test the open 
circuit voltage, and then the scan rate was 2 mV/s to 
measure the polarization curves. 

The wear experiment was conducted by using 
a ball-on-disk reciprocal tribometer (HT−1000). A 
Si3N4 ceramic ball with hardness of HV 2200 and 
diameter of 5 mm was employed as counterpart. 
The experimental load was 200 g, the friction track 
radius was set to be 3 mm, the motor speed was  
50 r/min and the wear time was 30 min. The 
experiment was conducted at room temperature 
(25.6 °C) and humidity of (70±1)%. 
 
3 Results and discussion 
 
3.1 Phase structure and coating morphology 

The XRD patterns of the SEBM-TC4 without 
and with micro-arc oxidation at different voltages 
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are shown in Fig. 2(a), and the diffraction intensity 
of each peak is marked. The substrate contains α 
and β phases. Compared with the samples without 
MAO, new phases appear after MAO treatment, 
which are analyzed as titanium dioxide of rutile 
phase and anatase phase. After micro-arc oxidation, 
the diffraction peak intensities of α-Ti and β-Ti 
decrease significantly, and the diffraction peak of 
β-Ti even tends to disappear. This is because the 
micro-arc oxidation coating on the surface of the 
sample covers the original matrix. α-Ti phase is still 
present because MAO coating is thin and porous. Ti 
transforms into the Ti4+ ions at the high voltage and 
temperature in the arc discharge stage and Ti4+ ions 
subsequently react with other ions such as O2− or 
OH− in the discharge channels. TiO2 is formed by 
outward migration of Ti4+ ions from substrate metal 
to discharge channels and inward migration of 
O2−/OH− from electrolyte to discharge channels at 
high temperature. The main reactions in the 
electrolyte are as follows [28]: 
 

 
Fig. 2 Contents of rutile and anatase phases in MAO 

coatings at different applied voltages (a) and XRD 

patterns of SEBM-TC4 with and without MAO (b) (A: 

Anatase; R: Rutile; α: α-Ti; β: β-Ti) 

Ti→Ti4++4e                             (1) 
 
Ti4++H2O→TiO2+H+                                  (2) 
 

With the applied voltage increasing, the 
diffraction peak intensities of both rutile and 
anatase TiO2 increase, which indicates that the 
Reaction (2) could only be fully carried out at a 
certain voltage. At the same time, both Ti and TiO2 
phases have strong diffraction peak intensity at the 
voltage of 420 V, indicating that Reaction (2) 
reaches stability and is fully carried out. Previous 
studies [26,29,30] have shown that anatase    
phase is a metastable phase and changes to rutile 
phase at 800 °C under arc discharge of micro-arc 
oxidation. The proportion of anatase phase of  
TiO2 is calculated according to the following 
equation [26]:  
WR=1/(1+0.8IA/IR)                        (3) 
 
where IA and IR are the diffraction peak intensities 
corresponding to anatase phase (101) and rutile 
phase (110), respectively. 

The contents of anatase phase and rutile phase 
under different micro-arc oxidation voltages are 
shown in Fig. 2(a). With the increase of applied 
voltage, the content of rutile phase TiO2 gradually 
increases, while that of anatase phase TiO2 
decreases. Due to the high temperature and high 
pressure generated at the membrane base interface 
during MAO reaction, the metastable anatase phase 
TiO2 gradually transforms into rutile phase TiO2. 
When anatase TiO2 is the main component, anatase 
will generate residual compressive stress to hinder 
crack growth and improve fatigue life [31]. 

CHEN et al [26] reported that the micro-arc 
oxidation process could be divided into five stages: 
anodic oxidation stage, passive film puncturing 
stage, rapid growth of micro-arc oxidation stage, 
large arc discharge stage and self-repairing stage. In 
the film puncturing stage, the voltage rises high 
enough to break through the oxidation film and a 
discharge channel forms. Meanwhile, discontinuous 
micro-arc oxidation film and volcanic porous 
ceramic layer are present, as shown in Fig. 3. 

Figure 3 presents the typical surface 
morphologies of MAO coating at different voltages 
on SEBM-TC4 substrate. It is seen that the surface 
is covered with different-size pores, and the sizes 
and shapes of pores change greatly with the applied 
voltage increasing. As shown in Fig. 4, the Image  
J software was used to calculate the pore size of the  
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Fig. 3 Surface morphologies of SEBM-TC4 samples 

after MAO at different voltages: (a) 400 V; (b) 420V;  

(c) 450 V 

 

 
Fig. 4 Pore size distribution of surface topography on 

SEBM-TC4 samples after MAO at different voltages 

 
MAO coating surface and the pore size distribution 
was obtained. More than 95% of pores distribute 
between 0 and 0.5 μm. It can also be seen that the 

pore size distribution under different voltages is 
uniform. This indicates that the uniform-size 
micropores form in the process of micro-arc 
oxidation. At 450 V, pores with size larger than   
10 μm appear (Fig. 3(c)). Moreover, there are no 
pores over 10 μm at voltages of 400 and 420 V. This 
is because with the oxidation voltage increasing, 
small discharge channels are connected to each 
other to form larger discharge channels. In addition, 
during the formation of micro-arc oxidized ceramic 
layer, the high voltage generates a lot of heat, which 
makes the temperature of the reaction interface rise 
sharply. Thus, the quenching occurs under the 
action of rapid cooling of the electrolyte, leading to 
the generation of micro-cracks on the surface   
(Fig. 3(c)). 

In order to measure the B−F interface bonding 
and coating thickness, the cross-sectional 
morphologies of the MAO coating under different 
voltages were observed. Figure 5 shows the cross- 
 

 

Fig. 5 Cross-sectional morphologies of SEBM-TC4 

samples after MAO at different voltages: (a) 400 V;    

(b) 420 V; (c) 450 V 
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sectional morphologies of SEBM-TC4 after MAO 
treatment under applied voltage of 400, 420 and 
450 V. It can be seen that the thickness of MAO 
coating increases with the applied voltage. At 400, 
420 and 450 V, the coating thickness values are 
(1.12±0.37), (1.27±0.36) and (1.54±0.44) μm, 
respectively. YAO et al [25] prepared MAO  
coating on SLM-TC4 surface, and the coating 
thickness was (1.09±0.14), (2.12±0.25), (3.14±0.64) 
and (5.34±0.95) μm at 5, 10, 15 and 20 min of 
MAO, respectively. The interface between the 
substrate and MAO coating is relatively smooth, 
which is conducive to the combination of substrate 
and MAO coating. The rapid growth in micro-arc 
oxidation stage has a great contribution to the 
thickness of coating. 

The molten oxides are sprayed outward 
through the discharge channel and cooled and 
solidified under the action of electrolyte on the 
surface of the sample. In the process of micro-arc 
oxidation, the ceramic layer is further oxidized,  
the original film is repeatedly broken down, and the 
thickness of the oxidation film increases. The 
breakdown of the film layer always occurs in the 
area where the oxidation film is relatively thin. 
After the breakdown, the molten oxide on the film 
layer is cooled and solidified under the action of 
electrolyte, and the film layer is thickened. The next 
breakdown occurs in the area where the film layer 
is relatively thin. 
 
3.2 Electrochemical corrosion 

In order to investigate the corrosion resistance 
of the samples before and after MAO treatment, the 
electrochemical experiments were carried out. 
Figure 6 presents the polarization curves and Bode 
plots of the TC4 without MAO and treated by MAO 
at different oxidation voltages in 3.5% NaCl. The 
open circuit potential (OCP), corrosion current 
density (Jcorr), corrosion potential (φcorr) and linear 
polarization resistances (Rp) are given in Table 3. It 
is shown that the MAO coating displays the higher 
φcorr. The higher the φcorr is, the lower the 
thermodynamic corrosion tendency is [32]. The Jcorr 
is an important parameter to determine the 
corrosion resistance of coating. The lower the 
corrosion current densities show, the better the 
corrosion resistance is, because of the restriction of 
the anodic reactions of the MAO coating [32]. 
According to the Fig. 6 and Table 3, the Jcorr at  

 

 
Fig. 6 Polarization curves (a) and experimental Bode 

plots (b) of TC4 substrate and MAO coatings at different 

voltages in 3.5% NaCl solution 

 

Table 3 Electrochemical parameters calculated from 

electrochemical experiment 
MAO 

voltage/V
OCP/ 
mV 

Jcorr/ 
(Aꞏcm−2) 

φcorr/ 
V 

Rp/ 
(Ωꞏcm2)

TC4  
substrate

−174.362 2.57×10−7 −0.367 3.54×105

400 −193.608 11.76×10−7 −0.258 5.08×105

420 −652.824 0.96×10−7 −0.296 7.17×105

450 −39.151 27.90×10−7 −0.289 4.24×105

 
420 V is almost an order of magnitude smaller than 
that of the TC4 substrate, two times smaller than 
that at the other two voltages and |Z| is the largest. 
This indicates that the MAO coating formed at 
420 V has the best corrosion resistance. The 
thickness and density of the film are two important 
parameters affecting the corrosion resistance of the 
micro-arc oxidation film layer. Although the film 
thickness is the largest when the applied voltage is 
the highest, the micropores penetrate, at the same 
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time, cracks are generated, and the etching solution 
passes through the film. When the voltage is below 
420 V, the thickness of the film layer is moderate, 
the density of the porous surface coating is high, 
and the internal dense layer has the resistance to 
hydrogen carbide. Thus, the corrosion resistance of 
the film layer is the best at this voltage. However, 
the Jcorr of TC4 sample after being MAO-treated at 
450 V is rather large than that of the substrate alloy, 
which is due to large pores and cracks appearing on 
the surface of MAO film at this voltage, as shown 
in Fig. 3(c). This leads to pitting or crevice 
corrosion on the surface and reduces the corrosion 
resistance. Studies [33] have shown that the 
influence of surface aperture size on corrosion 
resistance is greater than that of film thickness, and 
the large-diameter micropores can reduce the ability 
of the film to resist corrosive media, thereby 
reducing the corrosion resistance of the film. The 
other reason is that rutile and anatase TiO2 phases 
form, and a suitable proportion of rutile and anatase 
TiO2 phases is produced at 420 V. But, the applied 
voltage has a slightly effect on corrosion potential. 
 
3.3 Wear resistance 

Figure 7(a) shows the effects of wear time on 
coefficient of friction (COF) for the as-built TC4 
substrate and MAO coatings at three different 
voltages. For TC4 substrate, the COF is about 0.2, 
and the curve is stable in the whole process of 
friction and wear. The COF of MAO coating 
increases sharply within 5 min of the wear process, 
and then levels off. With the MAO voltage 
increasing, the friction coefficient also increases. 
Then, the average COF is calculated and the wear 
loss of MAO coating and TC4 substrate in the wear 
process is measured. The results are shown in   
Fig. 7(b). It can be seen that as the micro-arc 
oxidation voltage increases, the COF and wear loss 
of different-thickness layers increases under the 
same friction condition. The COF and the wear loss 
of the sample with the micro-arc oxidation film 
layer are larger than those of the substrate because 
the outer layer of the micro-arc oxidation film has a 
porous structure. In the friction and wear process, 
the protrusion on the surface of the coating is firstly 
worn away, and the frictional force becomes large, 
leading to the high COF of the micro-arc oxidation 
coating. The compactness and phase composition of 
the film layer are also important factors affecting 

the wear resistance of the film layer. When the 
phase component contains oxides with high 
hardness, the membrane layer has high hardness 
and good wear resistance. However, when the 
membrane layer is less dense (for example, the 
large pores or cracks appear), it is possible to 
reduce the wear resistance of the membrane layer. 
 

 
Fig. 7 Coefficient of friction (a), and mass loss and 

average coefficient of friction (b) of TC4 without and 

with MAO treatment at different voltages  
 

Figure 8 displays the wear morphologies of the 
SEBM-TC4 substrate and the MAO coatings with 
different applied voltages, both at low and high 
magnification, as well as the EDS results of wear 
trace on MAO coatings. It can be clearly observed 
that a group of parallel grooves appear along the 
wear direction in Figs. 8(a, b), which represents 
typical abrasive wear characteristics. But the wear 
level of TC4 substrate is slightly less than that of 
MAO coating with applied voltage of 420 V,    
and the wear loss and friction coefficient are also 
minimal. At applied voltage of 400 V, the coating  
is thin, and is completely worn off during friction  
in short time. Therefore, the mass loss and friction  
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Fig. 8 Wear morphologies and EDS profiles of TC4 substrate (a, a1) and MAO-treated samples with different applied 

voltages: (b, b1, b2) 400 V; (c, c1, c2) 420 V; (d, d1, d2) 450 V 

 
coefficient of MAO coating at this voltage are 
higher than those of the substrate. The ceramic ball 
of Si3N4 is much harder than the TC4 substrate. 
During the sliding process, the Si3N4 ceramic ball 
causes the protrusions on the uneven surface to peel 
off, and produces some small hard debris particles. 
Then, the Si3N4 ceramic ball, hard debris particles 
and substrate materials lead to a three-body 
abrasive wear mode. The wear traces in Figs. 8(c, d) 
are narrower and the surfaces are less worn    
than those in Fig. 8(b). Shallow grooves and 
coating peeling can be observed, showing the 
characteristics of adhesive wear. And crack 
initiation tends to occur near coating peeling. 
Combined with the EDS results in Figs. 8(b2, c2, d2), 
it could be found that the coatings are worn away. 
With the repeated sliding of the Si3N4 ceramic ball 

on the surface of the sample, the crack gradually 
expands. When the critical value of crack growth is 
reached, delamination occurs, which eventually 
leads to fatigue wear. As for the MAO-treated 
sample at 400 V, the wear loss decreases and the 
friction coefficient increases compared with the 
MAO-treated samples at 420 and 450 V. 

As can be seen from Fig. 8, the wear resistance 
of MAO coatings is not as good as that of TC4 
substrate. On one hand, the hardness of MAO 
coating is lower than that of matrix; on the other 
hand, the surface layer of MAO coating is porous 
and loose, which makes the wear resistance of 
MAO-treated samples worse. At the same time, 
according to the 2D and 3D morphologies of the 
wear trace in Fig. 9, the wear trace of MAO-  
treated sample at 400 V is deeper than that at other 
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Fig. 9 2D/3D profiles of wear trace of MAO coatings with different applied voltages: (a, a1) 400 V; (b, b1) 420 V;     

(c, c1) 450 V 

 
voltages. The friction coefficient of MAO-treated 
samples under applied voltage of 400 V is the 
lowest, which is related to the appropriate 
proportion between rutile and anatase TiO2. It can 
be concluded that the proportion between rutile 
phase and anatase TiO2 is crucial for the 
comprehensive performance of MAO-treated TC4 
alloys. 

 
4 Conclusions 
 

(1) MAO films are fabricated successfully on 
SEBM-TC4. The surface morphology is porous 
with uniform size distribution, and pores over 
10 μm appear on MAO-treated samples with 
applied voltage of 450 V. At applied voltage of 400, 
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420 and 450 V, coating thicknesses are (1.12±0.37), 
(1.27±0.36) and (1.54±0.44) μm, respectively. 

(2) The XRD analysis of the coating shows 
that the MAO coatings mainly consist of rutile and 
anatase TiO2. 

(3) MAO coating prepared at 420 V has the 
lowest corrosion current density and the largest |Z|, 
which indicates the best corrosion resistance. MAO 
treatment could deteriorate the wear properties of 
the SEBM-TC4 alloy. 
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摘  要：为了分析微弧氧化电压对 Ti6Al4V(TC4)合金腐蚀和磨损性能的影响，分别在 400、420 和 450 V 对电子

束选区熔化(SEBM)制备的 TC4 样品进行微弧氧化表面处理。结果表明，随着氧化时间和温度的增加，亚稳态    

锐钛矿型 TiO2 逐渐转变为金红石型 TiO2。MAO 膜表面形貌主要是尺寸分布均匀的大量微孔，仅在 450 V 电压    

下出现裂纹和 >10 μm 的孔隙；MAO 膜厚度与施加电压呈正相关。MAO 膜的耐腐蚀性能和磨损性能与其相成  

分、表面微孔尺寸分布及膜厚有关；当 MAO 电压为 420 V 时，腐蚀电流密度最小(0.960×10−7 A/cm2)，阻抗最大

(7.17×105 Ωꞏcm2）， 耐腐蚀性能最好；相同载荷条件下，涂层的摩擦因数及磨损量均大于基体的；随着 MAO 施

加电压的增加，MAO 膜的磨损机制由磨粒磨损转变为粘着磨损，且 450 V 电压时粘着磨损加剧，摩擦因数也最

大，为 0.821。 

关键词：电子束选区熔化；微弧氧化；TC4 合金；腐蚀；磨损性能 
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