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Abstract: Ceramic coating was prepared on cast Al−Cu−Li alloy by micro-arc oxidation (MAO) in a silicate electrolyte 
solution with additives including Na2WO4 and NaOH. The effect of NaOH addition varying from 1 to 9 g/L on the 
microstructure and corrosion behavior of the coatings was investigated. The coating was characterized by XRD, XPS 
and SEM with respect to the composition and microstructures. The results show that NaOH promoted the formation of 
oxides in the reaction of MAO and contributed to the increase of layer thickness. Electrochemical tests (polarization 
curve and EIS) and mass loss test indicate that the corrosion resistance of the coated Al−Cu−Li alloy was improved 
with the increased addition of NaOH. Moreover, the results prove that the alumina coating formed in the electrolyte 
with 7 g/L NaOH showed the best corrosion resistance. The examination of the full immersion corrosion test presents 
the same result of corrosion resistance. 
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1 Introduction 
 

Al−Li alloys are regarded as ideal structural 
materials for aircraft, aerospace, and national 
defense applications owing to their low density and 
high elastic modulus. For each 1 wt.% increment of 
Li addition to Al alloys (up to 4 wt.% Li addition), 
the density can be reduced by about 3% and the 
elastic modulus will be increased by about 6% 
simultaneously [1,2]. For example, pure aluminum 
has an elastic modulus of 70 GPa, while the elastic 
modulus of 2090 Al−Li alloy with 2.1 wt.% lithium 
is 79.7 GPa [3]. However, Al−Li alloy is prone to 
corrosion in wet and salt spray environments due to 
the activity of lithium [4−6]. Therefore, in order to 
prolong the service life, the surface protection 
treatment must be carried out for the alloys. Among 

the various means of surface treatment, micro-arc 
oxidation (MAO) may be one of the most efficient 
technologies. The ceramic coating composed of 
matrix metal oxide is deposited on the surface of 
the substrate alloy under the proper coordination of 
electrolyte and electrical parameters. Thanks to the 
existence of the ceramic phases and the 
interpenetration between the coating and the surface 
of the substrate, the obtained coating has excellent 
properties to prevent corrosion [7−9]. This 
promising technology has made it possible to 
overcome the shortcomings of Al, Mg, and Ti alloys 
in application fundamentally [10,11]. Previous 
studies suggested that the electrolyte has direct 
effects on the performance of the MAO coating [12]. 
The studies [13,14] on conventional aluminum 
alloys demonstrated that SiO3

2− possesses good 
adsorption without pollution, WO4

2− [15] serves the 
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function of promoting the growth of film, and 
NaOH [16] is related to the conductivity of the 
solution and discharge process. 

Little research has been focused on the   
MAO treatment of cast Al−Li alloys. The  
discharge process and the mechanism of MAO on      
2A97 Al−Cu−Li alloy were studied by CHENG   
et al [17,18]. Available information [19] only 
provides the influence of electrical parameters on 
the thickness and corrosion resistance of the film. 
However, the electrolytes employed in the above 
studies were too simple to improve the corrosion 
resistance efficiently. As one of the most important 
process parameters of MAO, a suitable electrolyte 
can greatly improve the production efficiency and 
the corrosion resistance of the substrate. However, 
the electrolyte optimization for MAO of cast Al−Li 
alloys has not been researched in depth yet. 

In this present study, Al−2Li−2Cu−0.2Zr alloy 
was selected as the base material because it exhibits 
good mechanical properties (yield strength of 
142 MPa, ultimate tensile strength of 293 MPa, and 
elongation of 18.1%) according to our previous 
work [20]. Therefore, it is necessary to study the 
MAO process of this alloy to improve its corrosion 
resistance. Based on the previous studies of 
conventional aluminum alloys [12−16], Na2SiO3, 
Na2WO4 and NaOH were chosen as the main 
solutes of the electrolyte. Herein, the effect of 
NaOH concentration on the microstructure and 
corrosion resistance of Al−2Li−2Cu−0.2Zr alloy 
coated by MAO was analyzed. The corrosion 
behavior of MAO coating was studied 
systematically, and an MAO electrolyte suitable for 
improving the corrosion resistance of cast Al−Li 
alloy was successfully developed. 
 
2 Experimental 
 
2.1 Preparation of MAO coatings 

The Al−2Li−2Cu−0.2Zr alloy (compositions in 
wt.%: 1.96 Li, 1.89 Cu, 0.1 Fe and balance Al) was 
selected as the substrate material with the 
dimension of 20 mm × 20 mm × 7 mm. Prior to the 
MAO treatment, the specimens were ground to 180#, 
1200# and 2000# grit SiC paper in turn, and dried 
after rinsing with alcohol and deionized water. The 
electrolyte was prepared from distilled water 
containing 12 g/L Na2SiO3, 4 g/L Na2WO4, and 
some amount of NaOH. The composition of the 

electrolyte prepared with different concentrations of 
NaOH is given in Table 1. 
 

Table 1 Electrolyte composition of MAO of Al−Li alloys 

Sample No. 
w(Na2SiO3)/

(gꞏL−1) 

w(Na2WO4)/ 

(gꞏL−1) 

w(NaOH)/

(gꞏL−1) 

1 12 4 1 

2 12 4 3 

3 12 4 5 

4 12 4 7 

5 12 4 9 

 
The oxidation treatment was conducted on 

MAO−60A equipment below 40 °C. The specimens 
of Al−2Li−2Cu−0.2Zr alloy were used as the anode 
while the wall of the stainless-steel container served 
as the cathode. According to long-term practical 
experience, the positive and negative duty cycles 
were 20% and 50%, respectively, and the pulse 
frequency was set at 2000 Hz. A constant current 
density of 6 A/dm2 was maintained for 10 min by 
controlling a bipolar pulse power supply. 
 
2.2 Characterization 

The phase compositions of the MAO coating 
were characterized by X-ray diffraction (XRD, 
Rigaku Ultima IV) on the specimen surface 
scanning in the range of 2θ=10°90° with an 
angular velocity of 4 (°)/min. The compositions of 
the near-surface region of the coatings were also 
analyzed by X-ray photoelectron spectroscopy 
(XPS), using monochromatic Al target, Al Kα ray, 
with binding energy calibrated according to C 1s 
peak. All of the surface and cross-section 
morphologies of the coatings were observed by 
scanning electron microscopy (SEM, Phenom XL) 
in secondary electron mode. The micro-area 
composition was analyzed by an energy dispersive 
spectrometer (EDS). Potentiodynamic polarization 
and electrochemical impedance spectroscopy (EIS) 
techniques were employed to study the corrosion 
behavior of the coatings by PARSTAT 2273 
electrochemical workstation in 3.5 wt.% NaCl 
solution. The open circuit potential was measured 
immediately after soaking for 1 h, followed by a 
record of the polarization curve. The working 
electrode was the coated sample with an area of 
4 cm2, with the graphite electrode and saturated 
calomel electrode (SCE) served as the auxiliary 
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electrode and reference electrode, respectively. Four 
same samples were selected for a synchronous 
experiment in 3.5 wt.% NaCl solution, with three 
for mass loss measurement and one for observation 
of corrosion morphology, which lasted for 600 h. 
The mass of the samples was recorded after 
cleaning every 48 h. The effect of NaOH 
concentration in the electrolyte on the coating and 
the optimization of the formula would be 
determined by the aforementioned characterization 
methods. 
 
3 Results and discussion 
 
3.1 Phase composition 

Figure 1 illustrates that the major phases of the 
MAO coating were the unstable γ-Al2O3 and stable 
α-Al2O3 phase at high temperature. The strong 
diffraction peaks of Al were attributed to the defects 
of the coating. In addition, there was a diffraction 
peak of θ-Al2O3 phase with low intensity which is a 
transition phase from γ-Al2O3 to α-Al2O3 [21]. 
 

 

Fig. 1 X-ray diffraction patterns of coatings prepared in 

electrolytes with different concentrations of NaOH 

 
Al2(SiO4)O, a phase commonly known as 

andalusite [22] also existed, which was formed by 
silicate ions in the electrolyte and aluminum matrix 
with the action of the high temperature of MAO. 
WO3 phase could be generated by the following 
reactions [23] between sodium tungstate and 
aluminum, accompanied by the oxidation of 
aluminum alloy to form a film at the same time: 
 
2WO4

2−−4e→2WO3+O2↑                  (1) 
 
WO3+2Al→Al2O3+W                     (2) 
 

The XRD results indicate that NaOH was not 

reflected directly in the phase composition, but 
influenced the reaction process remarkably. With 
the increase of NaOH concentration, more 
microscopic channels opened with more solutes 
involved in the reaction, which facilitated the 
growth of the oxidation. Therefore, the intensity of 
the diffraction peaks of γ-Al2O3 and Al2(SiO4)O 
became stronger. 

XPS was applied to determining whether 
lithium existed in the film. After ten tests, the 
selected map of the Li region is shown in Fig. 2, 
with no obvious Li 1s signal detected. This means 
that Li was not involved in the reaction of MAO. 
 

 
Fig. 2 Li 1s scanning map of MAO film by XPS 

 
3.2 Microstructure 

The morphologies of the surface and 
corresponding cross-section of Al−Li alloys coated 
are presented in Fig. 3 and Fig. 4, respectively. A 
large number of round pores distributed all over the 
surface, which was similar to the morphology of 
volcanic eruption. The fine particles dispersed on 
the surface and adhered to each other, especially in 
Fig. 3(a). Such particles spread on the relatively flat 
surface, accompanied by hairline cracks. The 
number of holes per unit area decreased and the 
micro-cracks faded away with increasing the NaOH 
concentration, as confirmed by Figs. 3(b, c, d). The 
irregular voids and the appearance of deep cracks 
appeared in Sample 5 (Fig. 3(e)), which was 
characterized by the flaky ablation marks and 
partial shedding pointed out by Mark A. 

Through the observation of the cross-sectional 
morphologies, it is apparent that the concentration 
of NaOH in electrolyte had a great influence on the 
thickness of the coating. The increase of NaOH 
concentration sped up the growth of the film and 
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Fig. 3 Surface morphologies of samples prepared in electrolytes with different concentrations of NaOH: (a) 1 g/L;     

(b) 3 g/L; (c) 5 g/L; (d) 7 g/L; (e) 9 g/L (A−Flaky ablation) 

 

reduced the proportion of voids in the coating. 
Figure 4(d) illustrates that the relatively dense 
coating was obtained by using the MAO electrolyte 
containing 7 g/L NaOH. The circular or flat holes 
did not connect mutually, indicating that the coating 
grew continuously and was closely integrated with 
each other. Mark B in Fig. 4(e) shows the broken 
part of the film and a rupture between the surface 
and the dense layer. 

According to the XPS results, lithium did not 
participate in the reaction during MAO process. 
However, considering the poor stability of lithium 
in an aqueous solution at high temperature, the 
precipitation of lithium resulted in a large number 
of defects in the anode film at the beginning [24,25]. 
On the other hand, the bubble expanded with    
the growth of the coating and gas was released 

when the rupture occurred. Then, the increase of 
thickness and occurrence of dielectric breakdown 
followed. These two effects provoked the 
enhancement of the electric field and strong 
micro-discharge, which possessed an immediate 
impact on the defects on the cross-section [26,27]. 

The NaOH played a critical role in the process 
of MAO by increasing the electrical conductivity of 
the bath solution and accelerating the spark 
discharge over the alloy surface [28]. The 
instantaneous temperature in the spark region might 
come up to 103−104 °C [6], which allows the ions of 
the electrolyte in the free passage of the discharge 
channel. The increase of sodium hydroxide brought 
about more swimming ions, and the strong 
alkalinity of the solution was beneficial to the 
breakdown. At the initial stage of MAO, the voltage 



Ying QIN, et al/Trans. Nonferrous Met. Soc. China 31(2021) 913−924 

 

917
 

 

 

Fig. 4 Cross-sectional morphologies of samples prepared in electrolytes with differetn concentrations of NaOH:      

(a) 1 g/L; (b) 3 g/L; (c) 5 g/L; (d) 7 g/L; (e) 9 g/L (B−Broken part from layer) 
 
rose sharply. Sparks appeared on the surface once it 
reached the arc-starting voltage, and then the 
voltage continued to rise modestly and finally 
stabilized at a fixed value. As shown in Fig. 5 and 
Table 2, with the increase of NaOH concentration, 
the arc striking voltage was reduced and the 
effective voltage of micro-arc discharge was 
increased, which expedited the film formation of 
the layer. 

Nevertheless, excessive NaOH generated an 
unstable or inconsecutive reaction and resulted in 
the formation of microscopic ablation spots. Point 
discharge produced by non-uniform spark could 
generate localized disruption to the ceramic film as 
exemplified by Fig. 4(e). On the other hand, even 
though NaOH was beneficial to the growth of 
coating, the increase of pH value would lead to the 

 
Fig. 5 Voltage−time curves of MAO with different 

NaOH concentrations 

 
dissolution of the layer. The disconnection between 
loose layers emerged obviously and the compact 
layer could hardly become thicker. 
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Table 2 Striking and final voltages of MAO with 

different NaOH concentrations 

ρ(NaOH)/(gꞏL−1) Striking voltage/V Final voltage/V

1 453 626 

3 402 573 

5 361 548 

7 329 522 

9 313 496 

 
3.3 Electrochemical behavior 
3.3.1 Polarization curves 

Figure 6 and Table 3 present the polarization 
curves of the Al−Li alloy and the samples prepared 
in the electrolyte with different concentrations of 
NaOH. The key factor affecting the corrosion 
resistance was the defects on the section instead of 
the holes on the surface. The corrosion potential 
only fluctuated slightly, while the corrosion current 
density that directly characterizes the corrosion rate 

differed distinctly. By comparison, the corrosion 
 

 
Fig. 6 Polarization curves of Al−Li alloys uncoated (base) 

and coatings prepared in electrolyte with different 

concentrations of NaOH 

 
Table 3 Dynamic polarization parameters of Al−Li alloy 

and coatings prepared in electrolytes with different 

concentrations of NaOH 

Sample φcorr/mV Jcorr/(μAꞏcm−2) 

1 −675 0.289 

2 −679 0.102 

3 −676 0.154 

4 −680 0.066 

5 −689 0.093 

Base −692 2.072 

resistance of Sample 4 was the highest with the 
corrosion current density of 0.066 μA/cm2, which 
was also consistent with the microstructure shown 
in Figs. 3 and 4. 
3.3.2 EIS after long-time immersion 

Considering the non-uniformity of the coating, 
the impedance value measured under the condition 
of open-circuit potential was unable to reflect the 
real situation of the film accurately. Therefore, the 
method of long-time immersion was used to 
measure the impedance value regularly in 280 h in 
order to characterize the corrosion evolution. 
Figure 7 illustrates the electrochemical impedance 
spectra of the MAO specimens soaked in 3.5 wt.% 
NaCl solution for 1, 5, 10, 24, 48, 120 and 280 h. 
The Nyquist diagram containing two capacitive arcs 
represents that the time constants at high and low 
frequency corresponding to the outer layer and 
inner layer of MAO ceramic coating, respectively. 
The increase of charge transfer resistance in the 
corrosion process matched with extended capacitive 
arc radius in Nyquist diagram [29,30]. 

Figure 7 indicates that the corrosion process 
could be divided into two stages and fitted by two 
equivalent circuits. Considering the dispersion 
effect caused by the inhomogeneity of the electrode 
surface and the poor conductivity of the solution, 
the constant phase angle element Q was employed 
instead of C for fitting in these circuits [31]. The 
first stage of corrosion behavior, except for 
Sample 1, was explained by Fig. 8(a). The solution 
resistance was denoted by R. Rp and Qp 
corresponded to the outer resistance and 
capacitance of the MAO ceramic layer, and those of 
the inner layer were represented by Qd and Rd 
respectively. Within immersion time of 48 h, all of 
them were in the first stage of corrosion. However, 
both Samples 2 and 3 entered the second stage 
characterized by the typical Warburg diffusion in 
the low-frequency region of Nyquist diagram after 
120 h. On account of the fact that the interface of 
the oxide film was corroded gradually with the 
extension of time, corrosion products accumulated 
and restricted the penetration of the medium, which 
led to Warburg diffusion. The higher the admittance 
coefficient W (Warburg), Y0, the faster the diffusion 
process. Therefore, the corrosion process at this 
stage could be fitted by the model in Fig. 8(b). After 
immersion for 280 h, all of the samples entered the 
second stage of corrosion with Warburg diffusion. 
The specific parameters are listed in Table 4. 
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Fig. 7 EIS plots of coating prepared in electrolytes with different concentrations of NaOH immersed in 3.5% NaCl 

solution: (a) 1 g/L; (b) 3 g/L; (c) 5 g/L; (d) 7 g/L; (e) 9 g/L 

 

 

Fig. 8 Equivalent circuits of coated Al−Li alloy immersed in 3.5% NaCl solution: (a) First stage; (b) Second stage;    

(c) Series model 
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However, the disparity between the equivalent 
circuit in Fig. 8(a) and Nyquist plot of Sample 1 
cannot be neglected, which was related to the 
structure of the layer. An obvious flat hole was 
observed at the interface between the substrate and 
the film layer in Fig. 4(a), which separated the 
substrate alloy and the film, so a series model 
exhibited in Fig. 8(c) was more precise. After 120 h 
of soaking, the gap between the loose layer and 
internal film was destroyed by corrosion products, 

and the model in Fig. 8(b) was still proper here. The 
changes of each parameter of Sample 1 are 
illustrated in Table 5. 

With the further corrosion of the second stage, 
the corrosion products deposited between the 
solution and the dense layer. After the corrosion 
products accumulated to a certain amount, then they 
were dissolved. Meantime, the value of Rd rose at 
the beginning and then declined. The resistance of 
Rp was equivalent to a single digit, indicating that 

 
Table 4 Electrochemical impedance spectroscopy parameters of MAO coatings prepared in electrolyte with different 

concentrations of NaOH 

Sample  

No. 

Immersion  

time/h 

Qp/ 

(Fꞏcm−2) 
n1 

Rp/ 

(Ωꞏcm2) 

Qd/ 

(Fꞏcm−2) 
n2 

Rd/ 

(Ωꞏcm2) 

Y0/ 

(Sꞏs0.5ꞏcm−2)

2 1 6.59×10−6 0.714 6.27×103 2.99×10−5 0.668 4.13×104 − 

2 5 2.00×10−5 0.779 9.09×103 8.19×10−5 0.899 2.31×104 − 

2 10 3.33×10−5 0.791 3.61×103 2.35×10−4 0.830 9.43×103 − 

2 24 8.65×10−5 0.780 2.21×103 3.21×10−4 0.629 9.14×103 − 

2 48 9.253×10−3 0.56 0.783 2.58×10−3 0.516 0.677 − 

2 120 8.38×10−5 0.917 10.78 2.31×10−4 0.777 2.96×103 1.37×10−3 

2 280 2.18×10−4 0.882 7.58 3.39×10−4 0.88 5.33×103 9.47×10−4 

3 1 9.36×10−6 0.719 1.44×104 4.14×10−5 1 2.55×104 − 

3 5 1.95×10−5 0.774 8.53×103 1.32×10−4 1 1.53×104 − 

3 10 4.10×10−5 0.748 6.16×103 2.34×10−4 0.926 1.16×104 − 

3 24 8.05×10−5 0.748 4.51×103 2.9×10−4 0.803 1.00×104 − 

3 48 1.29×10−4 0.756 7.26×103 5.32×10−4 0.618 2.36×104 − 

3 120 1.55×10−4 0.876 8.31 1.62×10−4 0.834 8.4×103 4.67×10−4 

3 280 1.03×10−4 0.842 79.75 9.20×10−5 0.922 7.88×103 4.46×10−4 

4 1 9.64×10−6 0.778 9.38×103 6.66×10−5 1 2.07×104 − 

4 5 1.62×10−5 0.750 1.04×104 1.18×10−4 0.988 1.66×104 − 

4 10 3.20×10−5 0.750 7×103 2.51×10−4 1 7.01×103 − 

4 24 7.31×10−5 0.831 3.03×103 3.4×10−4 0.764 9.7×103 − 

4 48 1.01×10−4 0.766 6.78×103 4.58×10−4 0.836 6.25×103 − 

4 120 3×10−4 0.727 0.967 2.82×10−5 1 7.09×103 − 

4 280 1.33×10−4 0.553 402.8 3.26×10−4 0.871 2.16×103 3.11×10−3 

5 1 2.19×10−5 0.722 6.62×103 10−4 1 1.32×104 − 

5 5 3.57×10−5 0.779 3.95×103 2.69×10−4 0.988 7.12×103 − 

5 10 5.88×10−5 0.783 2.59×103 3.8×10−4 0.886 6.38×103 − 

5 24 1.23×10−4 0.761 2.16×103 4.64×10−4 0.696 8.75×103 − 

5 48 1.22×10−4 0.761 2.12×103 4.53×10−4 0.711 6.67×103 − 

5 120 2.61×10−4 0.794 5.1×103 4.71×10−3 1 6.05×103 − 

5 280 1.27×10−4 0.852 13.97 1.79×10−4 0.844 104 1.88×10−3 
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Table 5 Electrochemical impedance spectroscopy parameters of MAO coatings prepared in electrolyte with 1 g/L 

NaOH 
Immersion 

 time/h 
Qd/ 

(Fꞏcm−2) 
n1 

Rd/ 
(Ωꞏcm2) 

Qp/ 
(Fꞏcm−2) 

n2 
Rp/ 

(Ωꞏcm2) 
Y0/ 

(Sꞏs0.5ꞏcm−2)

1 8.02×10−5 1 3.44×104 2.35×10−5 0.735 1.14×104 − 

5 9.39×10−5 0.683 2.39×103 4.44×10−4 1 6.88×103 − 

10 9.28×10−5 0.916 643.8 3.61×10−4 0.649 9.44×103 − 

24 2.24×10−4 0.851 430.5 4.49×10−4 0.811 5.72×103 − 

48 1.92×10−4 1 192.9 8.11×10−4 0.69 5.79×103 − 

120 3.42×10−4 0.93 210.7 5.06×10−4 0.743 1.5×103 1.5×10−3 

280 2.22×10−4 1 16.69 3.78×10−4 0.825 5.36×103 8.6×10−4 

 

the loose layer lost the protective effect at this 
moment. NaOH was negative to the density and 
smoothness of the surface layer, so the resistance 
decreased with the increase of concentration at the 
initial stage. However, the continuous growth of the 
film was facilitated effectively, which prolonged the 
time to reach the second stage of corrosion. Hence, 
the impedance tended to decrease steadily rather 
than sharply during the whole process. 
 
3.4 Mass loss 

The surface of the specimens was covered with 
fine bubbles at the beginning of the test, and then 
the flocculent white precipitation turned up and 
suspended in the solution. According to the trend of 
curves in Fig. 9, the process of the mass loss altered 
in line with the microstructure. For the first few 
days, it was apparent that the sample incurred a 
mass loss because of the unstable structure of    
the loose part. After that, a platform period was 
encountered, exhibiting the deceleration of    
mass loss. Over a period of days, the deposition of  
 

 
Fig. 9 Mass loss curves of coating prepared in 

electrolytes with different concentrations of NaOH 

corrosion production was dissolved, which was 
manifested as the increase of mass loss. The mass 
loss of Sample 4 deposited in the solution with 
7 g/L NaOH was the least with the relatively steady 
curve by comparison. 
 

3.5 Full immersion corrosion test 
Figure 10 provides the microstructures after 

the full immersion corrosion test in 3.5% NaCl 
solution for 600 h. The linear corrosion pits 
occupied the surface of Sample 1, connecting the 
crater holes and corrosion products gathering 
together. In the samples prepared in the solution 
with a higher concentration of NaOH, the 
accumulation of corrosion reduced significantly, but 
the cracks (Mark B) visibly propagated. Especially 
in Fig. 10(c), the undulating layer caused the thin 
part of the film more likely to be damaged and split 
in the process of soaking, which explained why the 
corrosion resistance of Sample 3 is inferior. 
Consistent with the description in corrosion tests, 
the coating was corroded mildly, as displayed in 
Fig. 10(d), which prevented the infiltration of the 
etching solution effectively. For the thickness of the 
layer of Sample 5, the corrosion target was more at 
the surface, resulting in the dissolution of a uniform 
bulk of the layer. 

The EDS analysis of Point A at the corrosion 
morphology in Table 6 indicates that there was 
residue chlorine on the surface. For the long-time 
immersion test, Cl permeated into the micropores 
through competitive adsorption to promote the 
dissolution of the γ-Al2O3. Due to the existence of a 
small number of penetrating pores, part of Al−Li 
alloys contacted with the external medium directly 
and reacted with NaCl solution, which was 
responsible for pitting corrosion in the alloy directly. 
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Fig. 10 SEM images of coating prepared in electrolytes with varied concentrations of NaOH after corrosion: (a) 1 g/L;  

(b) 3 g/L; (c) 5 g/L; (d) 7 g/L; (e) 9 g/L 

 
Table 6 EDS elemental analysis of Point A 

Element Content/wt.% 

O 83.47 

Al 21.81 

Cl 3.93 

 

The resulting AlCl3 went into the solution in the 
opposite direction. Both two reasons made for the 
existence of Cl. 
 
4 Conclusions 
 

(1) The increase of NaOH concentration in the 
electrolyte had a positive effect on the formation of 
γ-Al2O3 and Al2(SiO4)O in the MAO coating on 
Al−Cu−Li alloy, without new phase produced. 

(2) NaOH was beneficial to the increase of the 
thickness and continuous growth of the coating. 
However, NaOH also tended to cause the looseness 
of the outer layer because of the intense discharge. 

(3) The corrosion process of MAO film was 
divided into two stages, comprised of the failure of 
the loose layer and the accumulation of corrosion 
products. With the increase of NaOH concentration, 
the time to enter the second stage of corrosion was 
delayed. 

(4) When the electrolyte was composed of 
12 g/L Na2SiO3, 4 g/L Na2WO4, and NaOH, the 
corrosion resistance of the coating samples was 
improved with the concentration of NaOH and the 
highest was achieved at 7 g/L. The corrosion 
current density was 0.066 μA/cm2, which was much 
superior to the base alloy (Jcorr=2.072 μA/cm2). 
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NaOH 浓度对铸造铝锂合金 
微弧氧化膜层显微组织和耐蚀性能的影响 

 

秦 莹 1，吴国华 1，Andrej ATRENS2，张小龙 1，张 亮 1，丁文江 1 

 

1. 上海交通大学 材料科学与工程学院，轻合金精密成形国家工程研究中心， 

金属基复合材料国家重点实验室，上海 200240； 

2. School of Mechanical and Mining Engineering, the University of Queensland, Brisbane Qld, 4072, Australia 

 

摘  要：采用含有 Na2WO4 和不同 NaOH 浓度的硅酸盐系列电解液，利用微弧氧化(MAO)技术在 Al−Cu−Li 合金

表面制备陶瓷涂层，研究 NaOH 浓度在 1−9 g/L 范围内对涂层显微组织和腐蚀行为的影响。利用 X 射线衍射 

(XRD)、X 射线光电子能谱(XPS)和扫描电子显微镜(SEM)对膜层的组成和微观结构进行表征。结果表明，NaOH

促进 MAO 反应中氧化物的生成，使膜层厚度增加。电化学腐蚀测试(极化曲线、交流阻抗谱)和质量损失试验确

定膜层的耐蚀性随 NaOH 加入量的增加而提高，且在 7 g/L NaOH 溶液中制备的膜层耐蚀性最优。全浸泡腐蚀试

验也给出一致的结果。 

关键词：Al−Cu−Li；NaOH；微弧氧化；腐蚀行为 
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