
 

 

Trans. Nonferrous Met. Soc. China 32(2022) 147−161 

 
Effect of scratch on corrosion resistance of 

calcium phosphate conversion coated AZ80 magnesium alloy 
 

Xue-jiao JIA1, Jiang-feng SONG1,2, Xiao-rong QU3, Fu-yong CAO4, Bin JIANG1,2, Andrej ATRENS5, Fu-sheng PAN1,2 
 

1. State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, China; 
2. National Engineering Research Center for Magnesium Alloy, Chongqing University, Chongqing 400044, China; 

3. Qinghai Salt Lake Industry Co., Ltd., Qinghai 816000, China; 
4. Center for Marine Materials Corrosion and Protection, College of Materials, 

 Xiamen University, Xiamen 361005, China; 
5. School of Mechanical and Mining Engineering, The University of Queensland, Brisbane Qld 4072, Australia 

 
Received 12 January 2021; accepted 24 August 2021 

                                                                                                  
 

Abstract: In order to analyze the effect of scratch on the corrosion behaviour of a calcium phosphate conversion 
coating (CPCC) on AZ80, the electrochemical testing, scanning vibrating electrode technique (SVET), immersion test 
and hydrogen evolution experiment were performed to study the corrosion resistance of AZ80, AZ80 with CPCC and 
coated AZ80 with scratch. The results show that the coating improves the corrosion resistance of the AZ80 from a 
current density of (85±4) to (4±1) μA/cm2. When the coating was damaged, its protection on substrate would be 
reduced. The scratch with a length of around 12 mm on the coating reduced the corrosion resistance to a current density 
of (39±1) μA/cm2. In addition, the corrosion occurred initially in the scratch area and the corrosion site first occurred at 
the junction of the scratch and the coating. Besides, the micro corrosion mechanism of the specimen containing scratch 
was clarified. 
Key words: magnesium alloy; AZ80 alloy; scratch; conversion coating; corrosion resistance; scanning vibrating 
electrode technique (SVET) 
                                                                                                             
 
 
1 Introduction 
 

Magnesium alloys exhibit low density, high 
specific strength, high thermal conductivity, high 
electromagnetic properties, high castability and 
good recyclability, and have been widely used    
in the electronics, aerospace and automotive  
industries [1−5]. For example, magnesium alloys 
were used in the steering wheels, central control 
boards and wheel hubs in automotive construction 
due to their great lightweighting potential [6,7]. 
Among these magnesium alloy automotive parts, 
wheel hub is the under spring parts and thus shows 
the greatest lightweighting potential. Past research 

indicated that reducing the mass of the wheel hub is 
8−10 times more effective in lightweighting than 
reducing the mass of body parts. As a result, 
investigations on magnesium alloy wheel hubs to 
replace steel wheel hubs or aluminum alloy wheel 
hubs have attracted much attention. 

AZ80 magnesium alloy has been generally 
used to manufacture wheel hubs due to its high 
comprehensive mechanical properties, high 
forgeability and moderate corrosion resistance [8]. 
Generally, surface treatment has been applied on the 
magnesium alloy wheel hub to further enhance its 
corrosion resistance. 

Over the past decades, the chemical 
conversion coatings [9], electroplating/electroless  
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plating [10−12], anodic oxidation [13], plasma 
electrolytic oxidation [14−16] and composite multi- 
layer coatings [13,17] have been developed to 
improve the corrosion resistance of magnesium 
alloys. Chemical conversion coatings on 
magnesium alloys such as phosphate, stannate, 
vanadate, rare earth salt and hydrotalcites coating 
systems have been proposed [18−21]. Among them, 
calcium phosphate conversion coating (CPCC) has 
attracted much attention due to the low-cost, 
simplicity in operation, environment-friendlyness 
and stability in neutral pH solution [22,23]. 
Moreover, CPCC has been widely used on 
magnesium alloy parts such as steering wheel, 
central control board, door inner, car seat frame, 
transfer case and instrument panel. 

During automobile service, scratches and other 
defects are inevitably generated by stones or other 
objects on the surface of magnesium alloy wheel 
hub. Understanding the effect of scratches and other 
defects on the corrosion behaviour of the coating is 
of great importance for the industrialization of the 
chemical conversion coating. However, so far, few 
investigations have paid attention to the effect of 
the scratch on the corrosion resistance of the 
calcium phosphate conversion coated AZ80 
magnesium alloy. The mechanism of corrosion 
initiation and expansion of the conversion coating 
with scratch are not clear. 

In order to promote the industrialization of the 
calcium phosphate conversion coating, a scratch 
was designed on the CPCC to simulate the possible 
defects generated from the practical usage of the 
coating. In this study, the effect of a scratch on the 
corrosion behaviour of the CPCC on AZ80 was 
investigated. For comparison, the corrosion 
behaviours of AZ80 and AZ80 with CPCC were 
also investigated. The corrosion mechanism of the 
CPCC with a scratch was clarified by 
electrochemical impedance spectroscopy (EIS), 
potentiodynamic polarization analysis, scanning 
vibrating electrode technique (SVET) and 
immersion test. 
 
2 Experimental 
 
2.1 Materials 

Forged magnesium alloy AZ80 specimens with 
dimensions of 20 mm × 20 mm × 3 mm were 
bought from Yueyang Yuhua Metallurgical New 

Materials Co., Ltd. The chemical composition is 
shown in Table 1. AZ80 specimens were ground 
with different grades of SiC sandpaper (400#, 800#, 
1000# to 1500#), cleaned with deionized water, 
rinsed with alcohol, and dried immediately in air. 
 
Table 1 Chemical composition of AZ80 magnesium 
alloy (wt.%) 

Al Zn Mn Si Fe Mg 
8.500 0.549 0.181 0.005 0.002 Bal. 

 
2.2 Preparation of CPCC and scratch 

AZ80 with CPCC specimens were prepared by 
immersing in the phosphate solution at room 
temperature for 1 min, cleaned with deionized water 
and dried in air. The phosphate solution was 
provided by a local manufacturer of magnesium 
alloy automotive parts named BoAo Magnesium 
Aluminum Co., Ltd. The solution was composed of 
1.3 g/L CaO, 23.3 mL/L H3PO4, 14.4 mL/L HNO3 
and 12.6 mL/L CH3COOH. The pH value of the 
phosphate solution was adjusted to 2−3 with 
deionized water. 

The scratch with a width of around 200 μm 
and a length of about 12 mm was prepared 
artificially on the CPCC using a needle. The depth 
of the scratch was designed to penetrate down to the 
substrate. 

The AZ80 specimen without any treatment, 
AZ80 coated with CPCC and the coated AZ80 with 
a scratch were designated as AZ80, CPCC and 
CPCC with scratch, respectively. 
 
2.3 Specimen characterization 

The microstructures of AZ80 and CPCC were 
characterized using scanning electron microscope 
(SEM, JSM−7800F, JEOL, Japan). The phase 
constituents of AZ80 and CPCC were studied using 
energy dispersive spectroscopy (EDS, Inca  
Energy 350 Oxford, UK), X-ray photoelectron 
spectroscopy (XPS, ESCALAB 250Xi Thermo 
Scientific, USA) and X-ray diffractometer (XRD, 
RIGAKU, Japan). The XPS was carried out on the 
surface of CPCC using Al Kα radiation (1486.6 eV) 
with a pass energy of 30 eV. The corresponding 
peaks were analyzed by using the software 
Avantage. The XRD was performed on AZ80 and 
CPCC using Cu radiation (λ=0.154 nm) operated at 
40 kV and 15 mA with a glancing angle of 1.5°. 
The cross section of CPCC specimen was 
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investigated by SEM and the thickness of the 
coating was identified. 

 
2.4 Electrochemical testing 

An electrochemical workstation (chi660e, 
China) was used to analyze the corrosion behaviour 
of the specimens in a 3.5 wt.% NaCl solution at 
25 °C. A three-electrode system with a platinum 
plate as the counter electrode, the specimen as the 
working electrode (exposing area of 1 cm2), and the 
saturated calomel reference electrode (SCE) as the 
reference electrode was used. For the scratched 
specimen, the scratch on the specimen for 
electrochemical test was also prepared artificially 
using a needle, just like other experimental 
specimens. The scratched specimen was then 
connected in the electrochemical cell, and the 
scratched area should be immersed in the corrosive 
solution. All the specimens were immersed in   
the 3.5 wt.% NaCl solution for 15 min before 
electrochemical testing, and then exposed in the 
solution for the open circuit potential (OCP) test to 
ensure that the system was in a steady state. The 
electrochemical impedance spectra (EIS) were 
measured using a disturbing potential of 10 mV and 
performed from 10 kHz to 10 mHz at OCP. The  
EIS data were fitted by ZSimpWin software with 
proper equivalent circuits. The potentiodynamic 
polarization curves of all the specimens were 
measured at a scanning rate of 0.1 mV/s in a 
potential range for ±300 mV (vs SCE) from the 
OCP. Three parallel specimens for each condition 
were used to ensure the reproducibility. 

The scanning vibrating electrode technique 
(SVET) was carried out on CPCC with scratch 
specimens with Bio-Logic Uniscan M470 at room 
temperature. Specimens after immersion in the 
NaCl solution for 15 min, 1 h, 3 h and 6 h were 
scanned by SVET, respectively. The vibrating 
microprobe vibrated at 80 Hz at an average distance 
of 200 μm from the surface of the specimen with an 
amplitude of 30 μm. Each scan was composed of 
25 × 30 points and took about 15 min. 
 
2.5 Immersion test 

AZ80, CPCC and CPCC with scratch 
specimens were immersed in 500 mL 3.5 wt.% 
NaCl solution in closed containers for 72 h at  
room temperature. The morphology changes were 
recorded by camera at different time. The evolution 

of the surface morphologies and compositions of 
CPCC and CPCC with scratch specimens after 
immersion for different time were also studied by 
SEM and EDS. 

The corrosion resistances of the specimens 
were also characterized by hydrogen evolution test 
in 3.5 wt.% NaCl solution at 25 °C for 132 h [24]. 
Specimens with exposed areas of 4 cm2 were placed 
under an inverted funnel with a graduated burette 
connected. The amount of hydrogen evolved from 
each specimen was recorded intermittently during 
the 132 h immersion. Three parallel specimens were 
used for better accuracy. The hydrogen evolution 
rate vHER can be shown as [25,26]  
vHER=V/(st)                             (1)  
where V is the volume of hydrogen evolution (mL), 
s is the exposure area, and t is the immersion time. 
 
3 Results and discussion 
 
3.1 Characteristics of AZ80 and CPCC 

Figure 1 displays the SEM images, EDS and 
XRD analyses of AZ80 and CPCC. The second 
phase in AZ80 magnesium was identified as 
Mg17Al12 (Fig. 1(f)). It is reported that the second 
phase will induce galvanic corrosion, resulting in 
poor corrosion resistance of the AZ80 magnesium 
alloy [26−28]. The CPCC on AZ80 exhibited a 
micro-cracked structure (Fig. 1(c)) with a thickness 
of about 800 nm (Fig. 1(e)). The microcracks are 
common on the surface of chemical conversion 
coated magnesium alloys [29,30]. The formation of 
micro-cracks is likely owing to the reduced molar 
volume of the conversion coating from dehydration 
process [31]. The entrapped hydrogen-induced 
coating cracking mechanism could also lead to the 
formation of cracks [32]. The EDS results (Fig. 1(d)) 
of CPCC showed that CPCC was composed of Mg 
(69.9%), Al (12.4%), O (10.7%), P (3.7%) and 
Ca (3.3%). The molar ratio of Ca to P was about 1.0, 
which was close to that of dicalcium phosphate 
dihydrate (DCPD). The XRD results (Fig. 1(f)) 
revealed that the main component of CPCC was 
DCPD, which was consistent with the EDS results. 

The chemical states of the surface elements on 
the CPCC were measured using XPS. The XPS 
survey spectra contained peaks of O, P, Ca, Mg, Al 
and C (Fig. 2(a)), and the element contents are 
shown in Table 2. The C peak is commonly seen 
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Fig. 1 SEM images and EDS analyses of AZ80 (a, b), CPCC (c, d), cross-section image of CPCC (e), and XRD patterns 
of AZ80 and CPCC (f) 
 
in XPS results because of the extraneous 
hydrocarbons in the environment [22]. The Mg and 
Al peaks were from the AZ80 substrate because the 
CPCC was thin with a micro-cracked structure. The 
peaks of O, P, Ca reflected the composition of 
CPCC. The high-resolution XPS spectra of the   
Ca 2p, P 2p and O 1s are depicted in Figs. 2(b)−(d), 
respectively. Two prominent peaks of Ca 2p3/2 
(347.3 eV) and Ca 2p1/2 (350.9 eV) were detected, 
which were generally assigned to the Ca — P 
compound [33−35]. The P 2p at binding energy of 
133.7 eV was attributed to the HPO4

2− radical of 
CaHPO4 [36]. The high-resolution O 1s showed two 

peaks at 531.3 and 533.0 eV, which were related to 
the P—O and P—O—P, respectively [34]. This 
kind of O in single bond with P (P—O) forms a 
chelating bridge with Mg and even Ca atoms to 
create a compacted bonded film [37]. Hence, the 
XPS results confirmed that CPCC was composed of 
DCPD. 
 
3.2 Corrosion behaviour 
3.2.1 Electrochemical analysis 

In order to evaluate the corrosion resistance of 
CPCC and the effect of a scratch on the corrosion 
resistance of CPCC, the electrochemical properties  
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Fig. 2 XPS spectra of CPCC: (a) Survey scanning spectrum; (b) High-resolution spectrum of Ca 2p; (c) High-resolution 
spectrum of P 2p; (d) High-resolution spectrum of O 1s 
 
Table 2 Element contents of CPCC measured by XPS 
(at.%) 

O 1s C 1s P 2p Al 2p Ca 2p Mg 1s

45.7 31.8 6.5 6.3 5.0 4.7 

 
of AZ80, CPCC and CPCC with scratch were 
assessed using potentiodynamic polarization and 
EIS. 

Figure 3 and Table 3 show the 
potentiodynamic polarization curves of all 
specimens after immersion in 3.5 wt.% NaCl 
solution. The results show that the corrosion  
current density of CPCC ((4±1) μA/cm2) was over 
an order of magnitude lower than that of AZ80 
((85±4) μA/cm2), demonstrating that CPCC 
improved the corrosion resistance of AZ80. When 
the CPCC was damaged to a certain extent, the 
current density (Jcorr) of the CPCC with scratch 
increased to (39±1) μA/cm2 from (4±1) μA/cm2 for 
CPCC. The increased corrosion rate was attributed 
to the scratch of the coating shortening the mass 

 
Fig. 3 Potentiodynamic polarization curves of AZ80, 
CPCC and CPCC with scratch measured in 3.5 wt.% 
NaCl solution  
 
transfer channel of the corrosion process, so that the 
solution directly reached the substrate. However, 
the corrosion current density of scratched coating 
was still lower than that of AZ80, indicating that the 
damaged coating still has a protective effect on the 
magnesium alloy. 
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Table 3 Corrosion parameters of AZ80, CPCC and 
CPCC with scratch 

Specimen φcorr (vs SCE)/V Jcorr/(μA·cm−2)

AZ80 −1.67±0.25 85±4 

CPCC −1.61±0.12 4±1 

CPCC with scratch −1.64±0.15 39±1 
 

EIS can effectively reflect the corrosion 
performance of the specimens. Nyquist diagrams of 
AZ80, CPCC and CPCC with scratch measured in 
3.5 wt.% NaCl solution are presented in Fig. 4(a) 
and Bode diagrams are presented in Fig. 4(b). The 
overall corrosion resistance of the specimens can be 
evaluated by the impedance modulus at low- 
frequency and the radius of the Nyquist curves. In 
general, the higher the impedance modulus, the 
larger the radius of the Nyquist curves, and the 
better the corrosion resistance [38−40]. Therefore, 
the corrosion resistance order of the specimens is: 

CPCC > CPCC with scratch > AZ80, which is 
consistent with the potentiodynamic polarization 
results. 

The equivalent circuit diagrams for EIS of 
AZ80, CPCC and CPCC with scratch are presented 
in Fig. 5. In the equivalent circuits, Rs corresponds 
to the electrolyte solution resistance. As for CPCC 
and CPCC with scratch specimens, R1 describes the 
phosphate conversion coating resistance, Rct 
represents the charge transfer resistance, CPE1 
corresponds to the constant phase element of the 
coating, and CPEdl represents the double-layer 
constant phase element. For AZ80 specimens, R1 
and CPE1 correspond to the loose corrosion 
products layer resistance and constant phase 
element, respectively; Rct and CPEdl represent the 
charge transfer resistance and the double-layer 
constant phase element, respectively; Rads and Lads 

represent the low frequency (LF) inductive loop. 
The EIS spectra (Fig. 4) of CPCC and CPCC with  

 

 
Fig. 4 Nyquist diagram (a) and Bode diagram (b) of AZ80, CPCC and CPCC with scratch measured in 3.5 wt.% NaCl 
solution 
 

 
Fig. 5 Equivalent circuit diagrams for CPCC and CPCC with scratch (a) and AZ80 (b) 
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scratch consisted of two capacitive loops at high 
frequency (HF) and middle frequency (MF). The 
equivalent circuit diagram of CPCC and CPCC with 
scratch is presented in Fig. 5(a). Generally, the 
capacitive loops at HF and MF reflect the 
physicochemical process of the coating and their 
specific structural features or electrochemical 
properties [31,41,42]. The EIS of AZ80 immersed 
in NaCl solution consisted of two capacitive loops 
at HF and MF and an inductive loop at low 
frequencies (LF), which is consistent with the 
equivalent circuit shown in Fig. 5(b). The additional 
inductive loop for AZ80 is attributed to the 
adsorption and desorption of the corrosion products 
such as Mg(OH)2, demonstrating the formation of a 
thin film of Mg(OH)2 during the period for building 
a stable OCP in 3.5 wt.% NaCl solution before EIS 
test. The formation of Mg(OH)2 indicates slow 
corrosion reaction on the surface of AZ80 [43−45]. 

The fitting results are listed in Table 4, and the 
fitting quality was evaluated by chi-square (χ2) error 
value. In CPCC and CPCC with scratch, Y1 is the 

conductance of phosphate conversion coating, and 
in AZ80, Y1 is the conductance of the corrosion 
products layer; Ydl is the double-layer conductance; 
n1 and ndl are the angular frequency. Generally, the 
corrosion resistance can be assessed by the values 
of R1 and Rct. The values of R1 and Rct of CPCC 
were about 4 times those of AZ80, which indicates 
that CPCC improves the corrosion resistance of 
AZ80. Furthermore, the R1 and Rct values of the 
scratched CPCC were a bit lower than those of the 
CPCC, indicating that the corrosion resistance of 
CPCC after scratching was slightly decreased. 
3.2.2 Corrosion morphologies 

The corrosion morphologies of the specimens 
immersed in 3.5 wt.% NaCl solution for different 
time are shown in Fig. 6. After immersing for 3 h, 
there was obvious localized corrosion on the 
surface of AZ80, which is attributed to the 
microgalvanic acceleration of the corrosion of the 
matrix phase by the adjacent second phase particle. 
As the immersion time increased, the corrosion 
proceeded more deeply. After 48 h immersion, the  

 
Table 4 Fitted parameters for EIS spectra depicted in Fig. 4 

Specimen Rs/ 
(Ω·cm2) 

R1/ 
(Ω·cm2) 

CPE1 Rct/ 
(Ω·cm2) 

CPEdl χ2 
Y1/(Ω−1·cm−2·sn) n1 Ydl/(Ω−1·cm−2·sn) ndl 

AZ80 18.36 1.133×103 9.005×10−6 0.9412 1.232×103 2.582×10−5 1.0000 4.043×10−3

CPCC 15.98 4.055×103 9.656×10−6 0.9249 4.978×103 7.144×10−4 0.4966 9.083×10−4

CPCC 
with scratch 14.10 3.887×103 1.074×10−5 0.9140 2.468×103 1.160×10−4 0.7110 5.981×10−3

 

 
Fig. 6 Morphologies of AZ80, CPCC and CPCC with scratch immersed in 3.5 wt.% NaCl solution for different time 
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surface of AZ80 underwent severe corrosion. 
Pitting corrosion initiated on CPCC after 48 h 
immersion, indicating an enhanced corrosion 
resistance. In the case of CPCC with scratch, pitting 
corrosion firstly occurred after being immersed for 
24 h. In addition, as the immersion time increased, 
the corrosion expanded from the scratch to the 
surroundings. 

In order to further analyze the corrosion 
characteristics, the microstructures of the specimens 
immersed for 24 h were selected for comparison. 
The microstructures observed at zones A, B, C and 
D in Fig. 6 are shown in Fig. 7. AZ80 had obvious 
corrosion (Fig. 7(a)) and the CPCC had local 
spalling (Fig. 7(b)). In the case of the scratched 
coating, there was some pitting corrosion in some 
scratch areas, as shown in Fig. 7(c). However, the 
appearance at Zone D (Fig. 7(d)) indicated that 
corrosion was not remarkable in other scratched 
areas. 
3.2.3 Hydrogen evolution  

To further explore the corrosion resistance   
of CPCC and the effect of the scratch on the 
corrosion resistance of CPCC, hydrogen evolution 

experiments were carried out in the 3.5 wt.% NaCl 
solution. The results (Fig. 8) show that the 
hydrogen evolution rate of AZ80 is the fastest. After 
phosphating, the hydrogen evolution rate of the 
alloy decreased and the corrosion resistance was 
improved. The hydrogen evolution rate of CPCC 
with scratch was higher than that of CPCC, but still 
lower than that of AZ80, which is consistent with 
the results of electrochemical testing. 

 
3.3 Corrosion mechanism 

The results of electrochemical test and 
immersion test showed that CPCC had a protective 
effect on the AZ80 magnesium alloy substrate, and 
the scratch decreased the corrosion resistance of 
CPCC. In order to explore the mechanism of the 
scratch on the corrosion behaviour of CPCC, the 
SVET and SEM of CPCC with scratch immersed in 
NaCl solution for different time were studied. 
3.3.1 Local electrochemical analysis 

SVET could exhibit the local electrochemical 
behaviour, including the distribution and magnitude 
of the cathodic and anodic activity on the corroded 
area [46,47]. Thus, SVET was used to characterize 

 

 
Fig. 7 SEM images of specimens immersed in 3.5 wt.% NaCl solution for 24 h at different zones in Fig. 6: (a) AZ80 
(Zone A); (b) CPCC (Zone B); (c) CPCC with scratch (Zone C); (d) CPCC with scratch (Zone D) 
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Fig. 8 Hydrogen evolution rate of AZ80, CPCC and 
CPCC with scratch immersed in 3.5 wt.% NaCl solution 

 
the corrosion behaviour of CPCC with scratch   
for different immersion time. The optical micro- 
structure of the scratched coating before the test and 
the SVET maps after 15 min, 1 h, 3 h and 6 h 
immersion in corrosive solution are presented in 
Fig. 9. The SVET map after 15 min immersion 
(Fig. 9(b)) shows that the potential of the scratch 
area (as pointed by the black arrows) was lower 
than that of non-scratch area, indicating that the 
anodic region occurred initially at the scratch area. 

The strong corrosion in the scratch area occurred 
because of the direct contact between the exposed 
magnesium alloy substrate at the scratch and the 
NaCl corrosive solution. When the immersion  
time increased to 1 h (Fig. 9(c)), there was small 
potential difference between the scratch area and 
the non-scratch area. This indicated that there was 
no obvious local corrosion in the scratch area. It is 
assumed that the accumulated film of corrosion 
products caused the reduction of the corrosion  
rate [40]. With the further increase of the immersion 
time to 3 and 6 h, affected by the edge effect, no 
obvious corrosion was found in the scratch areas, 
and the whole test areas exhibited mainly global 
corrosion. Hence, it was concluded from the SVET 
that the scratch mainly affected the initial stage of 
corrosion by inducing local corrosion. 
3.3.2 Corrosion morphology evolution 

To further understand the corrosion process of 
the coating with scratch, SEM images of the 
specimens immersed for 24, 48 and 72 h were 
characterized in detail. 

The image of CPCC with scratch immersed in 
3.5 wt.% NaCl solution for 24 h at Zone 1 in Fig. 7 
is shown in Fig. 10(a). Figures 10(b)−(d) are local 

 

 
Fig. 9 Optical image of CPCC with scratch before immersion in 3.5 wt.% NaCl (a), and SVET maps after immersion 
for 15 min (b), 1 h (c), 3 h (d) and 6 h (e) 
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enlarged images of Fig. 10(a), which represent the 
area of the coating, the AZ80 substrate area and the 
bonding area between the coating and the substrate, 
respectively. After immersion in NaCl solution for 
24 h, a small number of particles and flocs were 
formed on the CPCC (Fig. 10(b)). The evenly 
distributed flower-like clusters and some granular 
products were formed on the substrate (Fig. 10(c)). 
At the same time, the obvious lamellar corrosion 
products were formed in the scratch (Fig. 10(d)). 
The result of EDS (Fig. 10(e)) showed that the 
lamellar corrosion products were mainly composed 
of Mg, O and Al. Generally, the corrosion reaction 
of magnesium alloy in NaCl solution is usually 

formed by electrochemical reaction with water to 
form H2 and Mg(OH)2 [31]:  
Mg(s)→Mg2++2e                         (2)  
2H2O+2e→H2+2OH–                     (3)  
Mg+2H2O→Mg(OH)2(s)+H2                     (4)  

It was observed that corrosion occurred 
initially at the scratch. Such phenomenon may be 
due to the potential difference between the AZ80 
substrate and the coating, resulting in galvanic 
corrosion in the NaCl solution [48,49]. Furthermore, 
the corrosion firstly occurred at the junction 
between the scratch and the coating rather than in 
the scratch groove. We speculate that this may be  

 

 
Fig. 10 SEM images of CPCC with scratch immersed in 3.5 wt.% NaCl solution for 24 h: (a) Overall morphology 
(Zone 1 in Fig. 7(d)); (b) Zone 2 for CPCC; (c) Zone 3 for substrate; (d) Zone 4 for junction of coating and substrate;  
(e) EDS spectrum of Point 1 in (d) 
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due to the compressive stress in the groove during 
the scratch [50]. According to the work from 
UMENO et al [51], the compressive stress would 
inhibit the diffusion of atoms along grain 
boundaries, while the tensile stress would promote 
the diffusion. SIBENER et al [52] further reported 
that the tensile stress can accelerate the 
electrochemical reactivity on the alloy surface, 
while compressive stress can inhibit it. Therefore, 
the externally applied compressive stress in the 
groove during scratch inhibited the corrosion. In 
contrast, the tensile stress at the junction between 
the scratch and the coating aggravated the 
corrosion. 

In order to further clarify the influence of the 
scratch on the corrosion behaviour of the coating, 
the surface morphologies of the coatings with and 

without scratch were observed after immersion for 
48 and 72 h, as shown in Fig. 11. As for the 
scratched specimens, after immersion in NaCl 
solution for 48 h, the accumulation of corrosion 
products occurred on the AZ80 substrate, compared 
with immersion for 24 h (Fig. 10(c)), and the CPCC 
was cracked and spalled (Fig. 11(a)). In addition, 
the lamellar corrosion products Mg(OH)2 were 
found on the CPCC (Fig. 11(b)). This is because 
chloride ions in the solution are more likely to reach 
the magnesium alloy matrix through the cracks and 
then cause corrosion [53]. After immersion in NaCl 
solution for 72 h, most of the CPCC detached 
(Fig. 11(d)). In addition, there were corrosion 
products and large cracks on the remained coating 
(Fig. 11(e)), indicating that the specimen exhibited 
severe corrosion even for the coating. For the  

 

 
Fig. 11 SEM images of CPCC with scratch immersed in 3.5 wt.% NaCl solution for 48 h (a, b) (Zone E in Fig. 6) and 
72 h (d, e) (Zone F in Fig. 6), and coating without damage immersed in 3.5 wt.% NaCl solution for 48 h (c) and 72 h (f) 
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Fig. 12 Schematic showing corrosion process and mechanism of CPCC with scratch in 3.5 wt.% NaCl solution at 
various immersion time 
 
specimens without scratch, the chemical conversion 
coating peeled off locally, and fine layered 
corrosion products were found on the coating after 
immersion for 48 h, as shown in Fig. 11(c). When 
the immersion time increased to 72 h, the coatings 
seriously cracked and partially peeled off. The 
flocculent corrosion products formed on the surface 
of coating (Fig. 11(f)). Obviously, the corrosion 
degrees of the specimens without damage were 
lower than those of the scratched specimens. 
Therefore, the scratch had a great influence on the 
corrosion behavior of the specimens which would 
accelerate the corrosion of the specimens because 
of the opened corrosion channel. 
3.3.3 Corrosion model 

Based on the clarification of corrosion 
mechanism of AZ80, CPCC and CPCC with scratch, 
a schematic model was established, as shown in 
Fig. 12. In the early corrosion stage, the scratched 
coating was immersed in the 3.5 wt.% NaCl 
solution rich in corrosive ions (Fig. 12(a)). The 
corrosion firstly occurred at the junction of the 
scratch and the CPCC (Fig. 12(b)). This is because 
a corrosion channel was built resulting from the 
scratch to the CPCC, which was associated with the 
NaCl solution directly arriving at the AZ80 

magnesium alloy substrate through the scratch. The 
Cl− reached the Mg alloy substrate and induced  
the chemical reactions (Reactions (2)−(4)). 
Furthermore, the tensile stress from the scratching 
process accelerated the local corrosion at the 
junction of the scratch and the CPCC. In the middle 
corrosion stage, the brittle and hard coating began 
to detach from the AZ80 substrate (Fig. 12(c)). A 
few local corrosion pits also occurred on the CPCC. 
At the same time, the generated corrosion products 
mainly deposited on the scratch area. As the 
immersion time further increased, a large corrosion 
channel was formed (Fig. 12(d)). The CPCC was 
also significantly corroded. As a result, the 
corrosion resistance of the coating began to decline. 
 
4 Conclusions 
 

(1) A calcium phosphate conversion coating 
was prepared successfully on AZ80 magnesium 
alloy with a thickness of about 800 nm. The main 
phase of the coating was the dicalcium phosphate 
dihydrate. 

(2) The scratch had an important effect on the 
corrosion resistance of the calcium phosphate 
conversion coated AZ80 because of the damage to 
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the coating. The scratch with a width of around 
200 μm, a length of about 12 mm on the coating 
deteriorated the corrosion resistance from a current 
density of (4±1) to (39±1) μA/cm2. 

(3) SVET showed that the corrosion occurred 
first in the scratch area. Furthermore, the local 
corrosion initially occurred at the junction of 
scratch and the coating due to the opened corrosion 
channel and tensile stress. The scratch could also 
accelerate the cracking and peeling of the coating 
around it. With increasing immersion time, the 
corrosion expanded from the scratch to the coating 
area. 
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划痕对 AZ80 镁合金上磷酸钙转化涂层耐腐蚀性能的影响 
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摘  要：通过电化学测试、扫描振动电极技术、浸泡实验和析氢实验分析 AZ80 合金、磷酸钙转化涂层以及含划

痕涂层的耐腐蚀性能，进而研究划痕对 AZ80 镁合金上磷酸钙转化膜腐蚀行为的影响。结果表明，AZ80 合金经

涂层处理后腐蚀性能提高，其腐蚀电流密度由(85±4) μA/cm2降低为(4±1) μA/cm2。当涂层被破坏后，其对基体的

保护能力下降。涂层上一条长约 12 mm 的划痕可使其腐蚀电流密度增加到(39±1) μA/cm2。此外，样品上的划痕区

域最先开始腐蚀，进一步观察发现，腐蚀发生于划痕与涂层的交界处。由此，提出含划痕涂层的显微腐蚀机理。 

关键词：镁合金；AZ80 合金；划痕；转化膜；腐蚀性能；扫描振动电极技术(SVET) 
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