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Abstract: The stress corrosion cracking (SCC) and corrosion fatigue (CF) behaviors of micro-arc oxidized (MAO) 

Mg-3Al-1Zn alloy were investigated in air and 3.5 wt% Na

2

SO

4

 solution, and their relations were discussed. The corrosion 

properties of the MAO Mg-3Al-1Zn alloy were improved significantly. Compared with those of the Mg-3Al-1Zn substrate, the 

SCC and CF strengths of the MAO Mg-3Al-1Zn alloy were both reduced by only about 10 MPa slightly in air. In 3.5 wt% 

Na

2

SO

4

 solution, the CF properties were still degraded, but the SCC properties of the MAO specimens were enhanced 

apparently, from 58.24 MPa to 202.08 MPa. It indicated that the mechanical properties (SCC and CF) were not always linearly 

related with the corrosion resistance of the material. It was ductile fracture for the SCC specimens in air, and it was cleavage 

fracture in 3.5 wt% Na

2

SO

4

 solution. While they were cleavage fractures for CF specimens regardless of the environments. 

This was due to the effect of the corrosive environment and alternating cyclic loading, which accelerated the crack propagation 

process. It displayed that the surrounding environments and loading types could affect the fracture mechanism of the material. 
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Magnesium alloys are anticipated in many areas such as 

electronic, structural, and automobile industries on account 

of their light weight, good formability and shock absorption 

ability

[1,2]

. However, the poor corrosion resistance of 

magnesium alloys limits the applications, especially for 

those serving under the joint action of stress loadings and 

corrosive environments. Stress corrosion cracking (SCC) 

and corrosion fatigue (CF) fractures are the two main 

failure forms of engineering structures, which restricts the 

wider use of magnesium alloys further. Therefore, to 

understand the relationship between corrosion and 

mechanical properties of magnesium alloys is crucial for 

the development of magnesium alloys. 

In recent years, the corrosion, SCC and CF properties of 

magnesium alloys have been studied. Many factors affect 

the corrosion performance of magnesium alloys, such as 

types of environments

[3,4]

, corrosion ways

[5,6]

 (immersion 

and salt-spray etc.), compositions and microstructures

[7-9]

. 

Esmaily et al.

[10]

 and Atrens et al.

[11]

 reviewed the 

developments of corrosion properties of magnesium alloys. 

The vulnerability to corrosion is one of the inherent 

limitations for magnesium alloys.  

Those factors affect the corrosion performance also have 

significant effect on the SCC performance of magnesium 

alloys commonly

[12-15]

. In addition, there are other factors 

affecting the SCC properties of magnesium alloys. Padekar et 

al.

[16]

 studied the SCC properties of magnesium alloy under 

different stress loading state (plane strain and plane), the 

K

ISCC

 were different under the two different stress loading 

states. Uematsu et al.

[17,18]

 considered the effect of potentials 

on the SCC properties of AZ31 magnesium alloy, and it is 

displayed that the SCC types occurred under different 

potential, which could be determined by K

ISCC

 factors. Rare 

earth elements also have an effect on the SCC properties of 

magnesium alloys, the K

ISCC

 was higher than that of 

magnesium alloys non-containing rare earth elements

[19,20]

. 
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Harandi et al.

[21]

 studied the effect of bovine serum albumin 

on the corrosion and SCC properties of AZ91D magnesium 

alloy. It reported that the bovine serum albumin helped to 

improve the corrosion resistance of the AZ91D magnesium 

alloy only in the first 48 h, and the SCC susceptibility was 

greater with the action of bovine serum albumin than that 

with none. 

Similarly, those factors mentioned above also have 

important effect on the CF properties of magnesium 

alloys

[22-26]

. Besides, the effect of fatigue loading 

parameters (for instance, loading frequency f and stress 

ratio r) could not be ignored. He et al.

[27-30]

 and Zeng et 

al.

[31,32]

 investigated the effect of loading frequency on the 

CF behavior of magnesium alloys, and it is demonstrated 

that the fatigue limits of magnesium alloys at high 

frequency were higher than that obtained at low frequency. 

Klein et al.

[33-36]

 investigated the CF behaviors of different 

creep-resistant magnesium alloys (DieMag422, AE42 and 

Mg-4Al-2Ba-2Ca). Results showed that the CF strength 

was lowered with the increasing corrosion impact, and the 

corrosion effect was closely related with the CF strength of 

magnesium alloys. Diab et al.

[37]

 reported that the CF 

strength of AZ31B alloy was not improved with the Al 

coating, while the corrosion resistance of AZ31B alloy 

coated with Al was improved. Jafari et al.

[38,39]

 studied the 

SCC and CF performances of magnesium alloys (AZ91D 

and MgZn1Ca0.3) in body fluid. It is illustrated that the 

SCC susceptibility of specimens after a calcium phosphate 

coating treatment could be weakened, but there was no 

obvious enhancement on the CF property. The SCC and CF 

properties of MgZn1Ca0.3 alloy were all deteriorated in 

body fluid.  

Overall, the corrosion, SCC and CF performances of 

magnesium alloys are complex and interrelated, which need 

further research urgently for the security applications of 

magnesium alloys. To date, the micro-arc oxidation (MAO) 

method has been a commonly used method for the surface 

treatment of magnesium alloys

[40-43]

. This paper, on the 

basis of previous studies

[27-30,44]

, is inspired and would 

systematically investigate the influences of the MAO 

coatings, surrounding environments and loading types on 

corrosion, SCC and CF performances of Mg-3Al-1Zn 

magnesium alloy, and explore their mutual relations. 

1  Experiment 

1.1  Materials and specimens 

An extruded Mg-3Al-1Zn magnesium alloy (2.9 wt% Al, 

0.9 wt% Zn, 0.3 wt% Mn, and Mg balance) was used in the 

experiment. The specimens (Φ12 mm×260 mm), with the 

gauge part size of Φ6 mm × 40 mm, were machined from 

the as-received round bar (Φ14 mm×260 mm). They were 

polished with 800#, 1000#, 1500# emery papers, cleaned 

with distilled water and wiped with acetone prior to the 

tests and MAO treatment. The corrosive environment was 

3.5 wt% Na

2

SO

4

 solution for the corrosion, SCC and CF 

tests. 

1.2  Coating preparation 

The MAO coatings of Mg-3Al-1Zn magnesium alloy 

were prepared by the MAO160-II machine. The electrolyte 

consists of sodium silicate, potassium fluoride and 

potassium hydroxide, with the mass ratio of 2:1:1.25. The 

constant voltage and current density were 500 V and 0.3 

A/cm

2

, respectively. The oxidation time was 2 min. The 

Mg-3Al-1Zn magnesium alloy specimens after MAO 

treatment were called the MAO specimen in this paper.  

1.3  Corrosion test 

The corrosion resistance of the MAO specimens was 

tested by an electrochemical workstation (PGSTAT30). The 

saturated calomel electrode was used as the reference 

electrode, the platinum electrode was used as the counter 

electrode, and the specimen with the size of 10 mm × 10 

mm was used as the working electrode. The scan range was 

from �2.0 V to 1.2 V. And the scan rate was 2 mV/s. The 

experimental results are compared with that of the 

Mg-3Al-1Zn substrate in the previous researches

[44]

. 

1.4  Slow tensile test 

The SCC performance test of the MAO specimens was 

investigated on the slow tensile test machine (LETRY- 

WOML-10) with a corrosion tank (250 mL). According to 

ISO-7539-7-2005, the strain rate was adopted as 10

-6

 s

-1

. 

During the test, the gauge part of the specimen was kept in 

corrosive environment in the corrosion tank. For comparison, 

the SCC test of the MAO specimens in air was also performed. 

The results are compared with those of the Mg-3Al-1Zn 

substrate in the air and 3.5 wt% Na

2

SO

4

 solution

[44]

.  

1.5  Corrosion fatigue test 

The CF performance test of the MAO specimens was 

carried out by the high frequency tension-compression 

fatigue machine (PLG - 200D). During the whole fatigue test 

process, the gauge part of the specimen was kept in the 

corrosive environment in the corrosion tank, which was 

equipped on the fatigue machine. The fatigue test was 

performed by using a sinusoidal waveform at room 

temperature. The loading frequency and stress ratio were 

99.0 Hz to 102 Hz and 0.1, respectively. Based on the 

relevant theories of fatigue life, the fatigue experiment would 

stop only when the specimen fractured or the number of 

cycles reached up to 1.0 × 10

7

 cycle. Moreover, the 

maximum stress of the specimen sustained under the 1.0 × 

10

7

 cycle is called the fatigue limit. The results in the study 

were compared with those of the Mg-3Al-1Zn substrate in air 

and 3.5 wt% Na

2

SO

4

 solution

[27, 28]

. 

1.6  Other tests 

The surface morphology and composition of the MAO 

coating were observed by scanning electron microscope 

(SEM VEGA3SBH), energy dispersive spectrometer (EDS, 
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OXFORD/ZNCA150) and X-ray diffraction (XRD, 

TD-3500). The fracture morphologies of the SCC and CF 

behaviors were observed by scanning electron microscope 

(SEM, VEGA3SBH). 

2  Results 

2.1  MAO coating observation 

The surface morphology of the MAO coating is shown in 

Fig. 1a. It was flat and uniform. The composition of the 

MAO coating, marked by the rectangular area (Fig.1a), was 

analyzed by EDS as shown in Fig.1b. Na, Si, F and K 

elements were the main components of electrolyte, and it 

was the main source. C element was derived from the 

electro-conductive paste, which was formed during the 

preparation of the specimen. The main sources of O 

element were air and electrolyte. Mg, Al and Zn elements 

were from the substrate, which were the main components 

of Mg-3Al-1Zn alloy. To some extent, a significant 

reduction in the proportion of these three elements 

indicated the formation of surface coatings.  

The cross-sectional morphology of the MAO specimen 

was observed, as shown in Fig.2. It can be seen that the 

coating was smooth with uniform thickness, about 2.3 µm. 

A neat interface showed a good bonding between the 

coating and the Mg-3Al-1Zn substrate. 

2.2  Corrosion characteristics 

The potentiodynamic polarization curve of the MAO 

specimens in 3.5 wt% Na

2

SO

4 

solution is shown in Fig.3, and 

the polarization curve of the Mg-3Al-1Zn substrate in 3.5 wt% 

Na

2

SO

4 

solution was also included for comparison 

purpose

[44]

 . The corresponding statistical data are listed in 

Table 1. According to the Tafel law, the corrosion potential of 

the MAO specimen was more than 100 mV higher than that 

of the Mg-3Al-1Zn substrate, and its corrosion current 

density was two orders of magnitude less than that of the 

Mg-3Al-1Zn substrate. It indicated that the corrosion 

resistance of the MAO specimen was significantly improved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  Surface morphology (a) and EDS analysis results of the rectangular area (b) for the MAO coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Cross-sectional morphology of the MAO specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Potentiodynamic polarization curves of AZ31 alloy and 

MAO specimens in 3.5 wt% Na

2

SO

4

 solution 

MAO coating 

Substrate 

10 µm 

-1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

 

 

 

 

Potential, E/V

C
u

r
r
e

n
t
 
D

e
n

s
i
t
y

,
 
i
/
A
·
c

m

-
2

 AZ31 substrate

 MAO specimen

a 

20 µm 

b 

0.5      1      1.5     2 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

K 

C 

O 

F 

Zn 

Zn 

Na 

Al 

Si 

Mg 

Element wt% at% 

C K 17.70 25.63

O K 39.50 42.94

F K 7.18 2.58 

Na K 0.46 0.35 

Mg K 29.80 21.32

Al K 0.64 0.41 

Si K 4.11 2.55 

K K 0.36 0.16 

Zn K 0.24 0.06 

 



3000                               He Xiuli et al. / Rare Metal Materials and Engineering, 2020, 49(9): 2997-3004                        

Table 1  Statistical data of the potentiodynamic polarization 

curve 

Specimen Potential, E

corr 

/V Current density, i

corr

 /A· cm

-2

 

AZ31 substrate �1.560 2.893×10

-5

 

MAO specimen �1.457 3.348×10

-7

 

 

2.3  Stress-strain curves 

The stress-strain curves of the MAO specimens in air and 

3.5 wt% Na

2

SO

4

 solution after SCC tests were obtained and 

are shown in Fig.4. It can be seen from the figure that the 

Mg-3Al-1Zn alloy displayed the best SCC property in air, 

and the worst in 3.5 wt% Na

2

SO

4

 solution. After the coating 

treatment, the SCC performance of the MAO specimen was 

close to that of the Mg-3Al-1Zn alloy. The maximum 

tensile stress of the two was equivalent, the affordable 

strain was decreased due to the effect of the surface coating. 

However, in 3.5 wt% Na

2

SO

4

 solution, the SCC property of 

the MAO specimen was still much higher than that of the 

Mg-3Al-1Zn alloy because of the improved corrosion 

resistance. 

2.4  S-N curves 

The S-N curves of the MAO specimens in air and     

3.5 wt% Na

2

SO

4

 solution after CF tests are shown in Fig.5, 

which displays the relation between the maximum applied 

stress σ

max

 and the number of cycles to failure N (fatigue 

life). It can be observed that the CF properties of the 

specimens before and after coating treatment were 

deteriorated apparently in 3.5 wt% Na

2

SO

4

 solution. In air, 

the CF property of Mg-3Al-1Zn alloy all decreased slightly 

after the MAO coating treatment.  

2.5  Fracture surface observation 

The fracture morphologies of the MAO specimens in air 

and 3.5 wt% Na

2

SO

4

 solution after SCC tests are shown in 

Fig.6. Fig.6a and 6b present the macroscopic integral 

fractures of the specimens and one amplified area of the 

crack initiations in air and 3.5 wt% Na

2

SO

4

 solution after 

SCC tests, respectively. It can be seen from the macroscopic 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4  Stress-strain curves of AZ31 alloy and MAO specimens in 

air and 3.5 wt% Na

2

SO

4

 solution after SCC tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  S-N curves of AZ31 alloy and MAO specimens in air and 

3.5 wt% Na

2

SO

4

 solution after CF tests 

 

integral fractures (Fig.6a and 6b) that on the one hand, there 

were several crack initiations regardless of the 

environments as marked by ellipses in the figures. One of 

the crack initiations, area A and B, were magnified. It was 

observed that the cracks all initiated from the specimen 

surface, but the one in the air was relatively smooth, while 

that in the 3.5 wt% Na

2

SO

4

 solution was fuzzy and covered 

by some corrosion products. On the other hand, the two 

kinds of fractures were uneven, especially for that in air. To 

further observation, the rectangular areas of the fractures in 

air and 3.5 wt% Na

2

SO

4

 solution were magnified as shown 

in Figs.6c and 6d, respectively. There were many small 

dimples as marked by arrows (Fig.6c), which indicated a 

ductile fracture in air. While on the fractures in 3.5 wt% 

Na

2

SO

4

 solution in Fig.6d, some cleavage steps and 

secondary cracks as shown by arrows were observed, which 

are typical features of cleavage fracture. These were 

consistent with that of the Mg-3Al-1Zn substrate after SCC 

test

[44]

, which demonstrated that the MAO coating had no 

influence on the mechanism of SCC fracture. By contrast, 

the crack propagation could be accelerated in corrosive 

environment, and the dimple had no enough time to be 

formed. 

The fracture morphologies of the MAO specimens in air 

and 3.5 wt% Na

2

SO

4

 solution after CF tests are shown in 

Fig.7. Fig.7a and 7b present the macroscopic integral 

fractures of the specimens and the magnified crack 

initiations in air and 3.5 wt% Na

2

SO

4

 solution after CF tests, 

respectively. There were typical fatigue fractures, which 

included crack initiation, propagation and final fracture areas. 

And one crack initiation was observed, which was labelled 

by the ellipse mark. This was different from the SCC 

fractures (Fig.6a and 6b). The magnified crack initiations in 

air and 3.5 wt% Na

2

SO

4

 solution were similar, except that 

there were some corrosion products on the crack initiation 

surface in the latter. The rectangular areas (Fig.7a and 6b) 
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Fig.6  Fracture morphologies of the MAO specimens in air and 3.5 wt% Na

2

SO

4

 solution after SCC tests; macro and initiation zones in air (a)  

and 3.5 wt% Na

2

SO

4

 solution (b); crack propagation zones in air (c) and 3.5 wt% Na

2

SO

4

 solution (d) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7  Fracture morphologies of the MAO specimens in air and 3.5 wt% Na

2

SO

4

 solution after CF tests; macro and initiation zones in air (a)  

and Na

2

SO

4

 solution (b); crack propagation zones in air (c) and 3.5 wt% Na

2

SO

4

 solution (d) 

 

were magnified as shown in Figs.7c and 6d, respectively. 

There were some characteristics of cleavage fracture 

regardless of the environments, such as lamellar patterns 

and cleavage steps, as shown by arrows. The CF fractures 

of MAO specimens in air and 3.5 wt% Na

2

SO

4

 solution 

were all cleavage. These were consistent with that of the 

Mg-3Al-1Zn substrate

[27,28]

, which indicated that the MAO 

coating and ambient environment had no effect on the 

mechanism of CF fracture. But it was different from the 

SCC fracture in air, which was ductile. It manifested that 

the mechanical fracture of materials was closely related to 

the state and type of the loading stress. 

3  Discussion 

3.1  Effect of corrosion on the SCC behavior of the 

MAO coated Mg-3Al-1Zn alloy 

As stated previously, the corrosion resistance of the 

Mg-3Al-1Zn alloy after MAO coating treatment in 3.5 wt% 

Na

2

SO

4

 solution was enhanced significantly (Fig.3 and 

Table 1). The changes of the SCC properties of the MAO 

specimens were complicated as listed in Table 2. 

In air, the maximum tensile stresses of the two kinds of 

specimens (the MAO specimen and the Mg-3Al-1Zn 

substrate) were close to each other, only decreased by about 

10 MPa, but the maximum strain of the MAO specimen 

degraded about half compared with that of the Mg-3Al-1Zn 

substrate. This was due to the strengthening effect of the 

surface MAO coating. In 3.5 wt% Na

2

SO

4

 solution, the 

maximum strains of the two kinds of specimens showed 

little change, while the maximum tensile stress of the MAO 

specimen was improved apparently, about 2.5 times higher 

than that of the Mg-3Al-1Zn substrate. This was attributed 

to the evident improvement of corrosion resistance of the 

Mg-3Al-1Zn alloy after the MAO coating treatment. 

Overall, the SCC properties of the MAO specimens 

changed little in air, whereas it was improved significantly in 

3.5 wt% Na

2

SO

4

 solution compared with that of the 

Mg-3Al-1Zn alloy. The effect of corrosion on the SCC 

behavior of the MAO coated Mg-3Al-1Zn alloy was related 

with the ambient environment. The positive effect of the 

good corrosion resistance on the SCC properties of the MAO 

specimens should be well played in 3.5 wt% Na

2

SO

4

 solution, 

not in air which is considered as the inert medium commonly. 

According to the fracture morphologies (Fig.6), the 

fracture surface of the MAO specimens in air was rugged 

with lots of dimples, which showed the characteristics of 

the ductile fracture. While in 3.5 wt% Na

2

SO

4

 solution, it 

was relatively even. And there were secondary cracks and 
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Table 2  Data analysis of the SCC properties of the MAO specimens 

Specimen Environment Maximum tensile stress, σ/MPa Maximum strain, ε/% 

Air 276.23 22.73 

AZ31 substrate 

3.5 wt% Na

2

SO

4

 solution 58.24 2.11 

Air 266.74 11.87 

MAO specimen 

3.5 wt% Na

2

SO

4

 solution 202.08 1.89 

 

cleavage steps on the fracture surface, which were the 

characteristics of cleavage fracture. On the one hand, 

compared with the fracture morphologies of the 

Mg-3Al-1Zn substrate, the fracture characteristics in air 

(ductile fracture) and 3.5 wt% Na

2

SO

4

 solution (cleavage 

fracture) were the same correspondingly

[44]

. It displayed 

that the good corrosion resistance of the MAO specimen 

could not change the SCC fracture mechanism of the 

Mg-3Al-1Zn alloy in the same environment. On the other 

hand, no matter coatings or not, it was cleavage fracture for 

the specimens in 3.5 wt% Na

2

SO

4

 solution, and ductile 

fracture in air after SCC tests. It was mainly because the 

corrosive environment not only accelerated the crack 

initiation, but also accelerated the crack propagation 

process, during which there was not enough time for the 

formation of dimples. 

3.2  Effect of corrosion on the CF behavior of the 

MAO coated Mg-3Al-1Zn alloy 

Based on the results after CF tests in section 2.4, the 

specific analysis results of the MAO specimens in air and 

3.5 wt% Na

2

SO

4

 solution after CF tests are summarized in 

Table 3.  

Compared with that of the Mg-3Al-1Zn substrate, the 

corrosion fatigue limit of the MAO specimens in air was 

slightly reduced by about 10 MPa, which could be ignored. 

It was in agreement with the changing trend of the SCC 

properties of the MAO specimens in air described above. 

However, in 3.5 wt% Na

2

SO

4

 solution, the corrosion fatigue 

limit of the MAO specimens was still decreased by about 

17 MPa compared with that of the Mg-3Al-1Zn alloy. This 

was different from the results of the MAO specimens after 

SCC test mentioned above. It demonstrated that the 

improvement of the corrosion resistance could not enhance 

the CF properties, but improve the SCC properties of the 

MAO specimens in 3.5 wt% Na

2

SO

4

 solution. The effect of 

the corrosion on the different mechanical behaviors (SCC  

 

Table 3  Data analysis of the CF properties of the MAO  

specimens 

Specimen Environment CF limit, σ

0.1

/MPa 

Air 163.89 

AZ31 substrate 

3.5 wt% Na

2

SO

4

 solution 107.51 

Air 152.55 

MAO specimen 

3.5 wt% Na

2

SO

4

 solution 90.24 

and CF) of the MAO coated Mg-3Al-1Zn alloy was diverse. 

As can be seen from the fracture morphologies (Fig.7), 

compared with those of the Mg-3Al-1Zn substrate

[27, 28]

, the 

CF fracture characteristics of the Mg-3Al-1Zn alloy 

regardless of the MAO coating treatment, lamellar patterns 

and cleavage steps, were the same. There were three typical 

fatigue fracture zones including crack initiation, 

propagation and fracture zone. And there was only one 

crack initiation site for CF behavior of Mg-3Al-1Zn 

magnesium alloy. The corrosion and surface coatings could 

not affect the CF fracture mechanism. It was completely 

different from the SCC fracture morphologies. 

3.3  Comparison between SCC and CF behavior of 

the MAO coated Mg-3Al-1Zn alloy 

As aforementioned, compared with those of the 

Mg-3Al-1Zn substrate, the SCC and CF properties of the 

MAO specimens changed little in air. As can be analysed 

from the strength view (the maximum tensile stress and the 

corrosion fatigue limit), they both slightly decreased by 

about 10 MPa correspondingly. By contrast, the trend of the 

two was different in 3.5 wt% Na

2

SO

4

 solution. The SCC 

properties of the MAO specimens were much higher than 

those of the Mg-3Al-1Zn substrate in 3.5 wt% Na

2

SO

4

 

solution, and the maximum tensile stress increased from 

58.24 MPa to 202.08 MPa. While the CF properties of the 

MAO specimens were not enhanced compared with those of 

the Mg-3Al-1Zn substrate in 3.5 wt% Na

2

SO

4

 solution, and 

the corrosion fatigue limit was reduced by 17.27 MPa. The 

change trend of the SCC properties of the MAO coated 

specimens was consistent with that of the corrosion 

property of the Mg-3Al-1Zn alloy after MAO coating 

treatment, whereas it was adverse between the CF and 

corrosion properties. It was accordant with the trend 

referred in Ref. [37-39], but not in good agreement with 

that described in Ref. [21, 27-30]. It demonstrated that the 

effect of the corrosion on the mechanical properties of 

materials was related with many factors, such as the types 

of surface coatings and the state of the loading stress. 

In the study, the state of the loading stress under SCC and 

CF test was different. During the SCC experiment, the 

specimens undertook a unidirectional tensile stress, and the 

strain rate was adopted as only 10

-6

 s

-1

. It was so slow that 

the defects, formed by the corrosion reactions, could be 

covered by the corrosion products quickly, thus protecting 
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the substrate well. Then the SCC properties of the 

Mg-3Al-1Zn alloy after MAO coating treatment were 

improved apparently. 

While for the CF process, the loading frequency and 

stress ratio were 99.0 Hz to 102 Hz and 0.1, respectively, 

which demonstrated that the specimens undertook a 

tension-tension alternating cyclic loading. It made the 

corrosion product layers, formed on the specimen surface in 

corrosive environment, fall off easily during the fatigue test, 

which helped protecting the substrate from the ambient 

corrosive environment. Then, the defects covered by the 

corrosion products were exposed effortlessly. The stress 

concentration was easily generated under the action of 

alternating loading, and these defects became the initiation 

source of corrosion fatigue crack. Thus, the CF properties 

of the MAO coated Mg-3Al-1Zn alloy were degraded, 

though there was a good corrosion resistance of 

Mg-3Al-1Zn alloy after MAO coating treatment.  

4  Conclusions 

1) The corrosion properties of the Mg-3Al-1Zn alloy 

after MAO coating treatment were improved significantly. 

Compared with those of the Mg-3Al-1Zn substrate, the 

SCC and CF strengths of the MAO coated Mg-3Al-1Zn 

alloy were both reduced by about 10 MPa slightly. By 

contrast, in 3.5 wt% Na

2

SO

4

 solution, the SCC properties of 

the MAO coated Mg-3Al-1Zn alloy were enhanced, but the 

CF properties were still degraded. The mechanical 

properties (SCC and CF) and the corrosion resistance were 

not linearly related. 

2) There were several crack initiation sites for the SCC 

behavior, but only one for the CF behavior. It was ductile 

fracture for the SCC specimens in air, but cleavage fracture 

for the SCC specimens in 3.5 wt% Na

2

SO

4

 solution and CF 

specimens in the two environments. The corrosive 

environment and alternating cyclic loading accelerated the 

crack propagation process, during which there was no 

enough time for the formation of the dimples. It displayed 

that the surrounding environments and loading types could 

affect the fracture mechanism of the material. 
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