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Abstract  As a material with good corrosion resistance, 5083 aluminum alloy has a great application prospect in marine environ-
ment. In this work, the corrosion characteristics of 5083 aluminum alloy in seawater containing phosphate were investigated with 
Potentiodynamic Polarization, Electrochemical Impedance Spectroscopy (EIS), Scanning Electron Microscope (SEM), Energy Dis-
persive Spectroscopy Analysis (EDSA), X-ray Photoelectron Spectroscopy (XPS) and Laser Confocal Microscope. The results indi-
cated that the effects of phosphate in seawater were two-fold. Firstly, phosphate slightly accelerated the corrosion of 5083 in seawater 
in the early stage of corrosion. HPO4

2− competed with OH− in the adsorption process on the alloy surface, which weakened the con-
tact between OH− and Al3+ near the interface of the alloy, and inhibited the formation as well as the self-repair of the passive film, 
thus accelerating the activation dissolution process. Compared with the natural seawater, the charge transfer resistance of 5083 in the 
seawater containing phosphate decreased faster during the early stage of corrosion, and the corrosion current density icorr was higher 
in seawater containing phosphate. On the other hand, the addition of phosphate would not affect the cluster distribution of the second 
phase of 5083 in seawater, but it changed the composition of the corrosion product layer and had an obvious inhibitory effect on the 
local corrosion of 5083 in seawater. After 16-day exposure, shallower and more sparsely distributed pits could be observed on the 
derusted surface of 5083 in the seawater containing phosphate, and the pitting coefficient in the seawater containing phosphate was 
significantly lower than that in natural seawater. The reduction of pitting tendency could be realized mainly through two ways. First, 
the HPO4

2− adsorbed on the surface of the passive film in the early stage of corrosion and repeled the corrosive anions such as Cl−. 
Second, phosphate participated in the construction of the CaHPO4 precipitation film, which acted as a barrier and protection. 
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1 Introduction 
Aluminium alloys are used in a wide range of fields 

such as aerospace, marine transportation, fast ship, cy-
cling and automobile due to low density, high specific 
strength, excellent weldability, high corrosion resistance 
and other functional characteristics (Wagner, 2018). 
Many excellent properties of aluminum alloys are largely 
due to their passivation behavior, and researchers have 
studied the passive film of aluminum alloy from different 
directions in recent years. Theivaprakasam et al. (2018) 
suggested that the hybrid electrolytes formed by the con-
ventional lithium battery electrolytes and the neat ionic 
liquids allow an effective and improved passivation of 
aluminium and lower the extent of aluminium dissolution. 

 
* Corresponding authors. E-mail: ssdm99@ouc.edu.cn 
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Huang et al. (2016) proposed that the film formation 
above the passive film in trihexyl (tetradecyl) phospho-
nium diphenylphosphate ([P6,6,6,14][dpp]) ionic liquid 
enhanced the corrosion resistance of AA5083 aluminium 
alloy. Nam et al. (2016) found out that the use of the  
Y(4NO2Cin)3 compound made 6061 aluminium alloy 
more resistant to corrosion in chloride ion media. 

5083 aluminum alloy is group with Al-Mg series alu-
minum alloy, which Mg plays a major strengthening role 
through solid solution strengthening (Kaoru et al., 2001). 
Bach et al. (2019) proposed that Mg and AlN composite 
addition reduced the grain sizes and defects in the alloy 
matrix, thus improved pitting resistance of Al-based alloy. 
Nam et al. (2019) suggested that the addition of Mg to 
Al-based alloy facilitates passive film formation based on 
the incorporation of Al and Mg oxides/hydroxides, and 
with the increase of magnesium content, the density and 
adhesion of the passivation layer on the alloy surface 
were enhanced. The corrosion of 5-series aluminum alloy 
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in seawater showed the characteristics of local corrosion 
in the early stage and uniform corrosion in the later stage, 
and the local corrosion is mainly pitting corrosion, crev-
ice corrosion and the intercrystalline corrosion (Natishan 
et al., 2002). 5083 aluminum alloy is a kind of passivat-
ing alloy, and its corrosion resistance in seawater envi-
ronment largely depends on the passive film on its surface. 
The impurity anion in corrosive mediums can contribute 
to the corrosion of aluminum alloy (Soltis, 2015), and the 
strong erodibility of Cl− and the presence of second-phase 
metal leads to the pitting corrosion of aluminum alloy in 
seawater (Jones et al., 2001; Jafarzadeh et al., 2008; Yang 
et al., 2008). 

Inorganic phosphate is a common precipitation film 
corrosion inhibitor, which is effectively applied to the co- 
rrosion protection of iron based materials (Andrade et al., 
1992; Dhouibi et al., 2003; Agnès et al., 2005) and cop-
per-based materials (Lytle and Nadagouda, 2010; Yohai 
et al., 2011). As for the effect of phosphate on corrosion 
of aluminum alloy in corrosive medium, Rudd and Scully 
(1980) proposed that phosphate had the effect of inhibit-

ing pitting corrosion of aluminum alloy, Wang et al. 
(2000) believed that the hydrolysis of phosphate pro-
moted the formation of Al(OH)3 precipitation membrane 
by offering more OH−. In general, there are several theo-
ries about the mechanism of the effect of phosphate on 
the corrosion of aluminum alloy, such as the pH effect, 
the formation of insoluble precipitation film, and the oc-
cupation of active sites of anode and cathode. Seawater is 
a natural buffer so the pH effect is limited, and the pres-
ence of calcium ions in seawater limits the upper limit of 
the concentration of phosphate. In this paper, phosphate is 
regarded as the nutrient pollutant in the seawater, and the 
effect of the phosphate on the corrosion of 5083 in the 
seawater is studied. 

2 Experiment 
2.1 Materials and Solutions  

The electrode material used in the experiment was 
5083 aluminum alloy made in China, and its chemical 
composition content is shown in the table below: 

Table 1 Chemical composition content of 5083 aluminum alloy (wt%) 

Element Si Cu Mg Zn Mn Ti Cr Fe Al 

Content ≤ 0.4 ≤ 0.1 4.0 – 5.0 ≤ 0.25 0.4 – 1.0 ≤ 0.15 0.05 – 0.25 ≤ 0.4 Remaining 

 
The specimens used for electrochemical measurements 

had a dimension of 10 mm × 10 mm × 3 mm, leaving a 
working area of 1 cm2. The work face of the specimens 
was abraded with 600, 800 and 1200-grit silicon carbide 
metallurgical papers sequentially, degreased by anhydrous 
ethanol, and was then dried in the air for 24 h.    

The seawater was taken from the sea area of Shazikou, 
Qingdao, Shandong. The temperature of the corrosive 
medium was kept at 25℃± 0.2 , and the initial pH was ℃
7.9 ± 0.1. In what’s called ‘seawater containing phospha- 
te’, the concentration of phosphate was increased to 0.025 

mmol L−1 by adding analysis pure Na2HPO4·12H2O. The 
total concentration of phosphate was increased to 0.025 

mmol L−1. The value was selected based on the order of 
magnitude of the concentration of Ca2+ (0.5–1.0 μmol L−1) 
in natural seawater and the Ksp (2.0 × 10−29, 20℃) of cal-
cium phosphate, and a high value was selected on the 
premise of no precipitation. 

2.2 Electrochemical Measurements 

All the electrochemical measurements were performed 
using a Gamry potentiostat (Reference 600) with a satu-
rated calomel electrode (SCE) as the reference electrode 
and platinum plate as the counter electrode. Electro-
chemical impedance spectroscopy (EIS) was tested at the 
steady-state open circuit potential (OCP) by applying a 
sinusoidal voltage signal of 10 mV in the frequency range 
of 105–10−2

 Hz. The EIS data were analyzed using 
Zview2 software (Scribner Inc.) with a suitable equiva-
lent circuit model. 

Potentiodynamic polarization curves were measured by 
scanning the potential from OCP to +300 mV versus 

OCP at a sweep rate of 1 mV s−1. 
And the polarization curves were analyzed using 

Cview 2 software (Scribner Inc.). All experiments were 
carried out at 25℃ in airtight system and repeated at least 
three times. 

2.3 Surface Analysis 

Scanning electron microscope (Tescan Vega 3, Czech 
Republic) was used to observe the morphology of the 
corrosion product (SEM HV = 20 kV). The energy disper-
sive X-ray spectrometer (EDS) was used to analyze the 
element composition and distribution of corrosion prod-
uct, the EDS surface scanning lasted for 5 min for each 
specimen. X-ray photoelectron spectroscopy (XPS, The- 
mo-Scientific Escalab 250Xi, USA) was used to analyze 
the composition of corrosion products on the specimen 
surfaces utilizing monochromatic Al Kα radiation. Laser 
confocal microscope (KEYENCE vk-250) was used to 
observe the local corrosion behavior of the derusting sub-
strate, which was soaked in 0.5 mol L−1 nitric acid for 5 

min to derust the surface. 

3 Results and Discussion 
3.1 Open Circuit Potential 

Fig.1 showed the variations of the open circuit poten-
tial (vs. SCE) of 5083 aluminum alloy in seawater with 
time. The OCP of 5083 aluminum alloy showed a general 
trend of fluctuation and decline in both natural seawater 
and seawater containing phosphate, and it varied from 
−750 mV to −820 mV (vs SCE). The difference lied in the 
significant positive shift of OCP in the middle stage of 
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corrosion (the 9th day) in the seawater containing phos-
phate. The decrease of OCP may be due to the formation 
of corrosion product film, which obstructed the diffusion 
of dissolved oxygen in the medium to the electrode sur-
face, thus inhibiting the cathode depolarization reaction 
on the electrode surface (Liu et al., 2016). The different 
changes of OCP suggested that the presence of high con-
centration of phosphate influenced the electrochemical 
corrosion process of 5083 in seawater. 

 

Fig.1 Open circuit potential (vs SCE) of 5083 aluminum 
alloy in seawater. 

 

3.2 Electrochemical Impedance Spectroscopies 

Electrochemical impedance spectroscopies (EIS) was 
used to evaluate the corrosion electrochemical character-
istics of the interfaces. Fig.2, depicted the EIS of the 5083 
aluminium alloy in seawater in the forms of Nyquist and 
Bode plots. Based on the shape and surface analysis of 
EIS graph, the equivalent circuit shown in Fig.3 was ob-
tained, and the fitting data obtained from the equivalent 
circuit was shown in Table 2. In Fig.3, Rs referred to So-
lution Resistance, Rct referred to Charge Transfer Resis-
tance, CPE refered to the Phase Angle Elements which 
consisted of the Faraday Capacitance-Cdl and the disper-
sion coefficient of electrochemical reaction nd. 

During the first 7 d of its immersion, impedance of 
5083 decreased along with immersion time in both natu-
ral seawater and seawater containing phosphate, indicat-
ing the destruction and weakening of passive film formed 
on alloy surfaces. The change trend of capacitive reac-
tance radius and the change of Rct indicated that the cor-
rosion process of 5083 accelerated in the first seven days 
and decreased after that. Compared to the natural sea-
water, the decline of Rct in the seawater containing phos-
phate had been faster and greater. The value of nd1 reflects 
the integrity of the interface film between the alloy and 
the medium, the closer nd1 is to 1, the more integrated the 
film is. The Fig.4 suggested that the variation of nd1 
showed same regularity in both medium, which declined 

 

Fig.2 Electrochemical impedance spectrum of 5083 in seawater. 
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Table 2 The fitting data of EIS of 5083 aluminum alloy in seawater 

Time Rs Cdl1 nd1 Rf Cdl2 nd2 Rct 
Medium 

(d) (Ω cm2) (μF cm−2) (/) (Ω cm2) (μF cm−2) (/) (Ω cm2) 

1 10.33 25.4 0.8538 88430 17.1 0.9359 6785 
3 12.45 39.4 0.76996 75022 24.4 0.8703 5291 
5 15.21 68.4 0.69461 52501 41.8 0.7758 3416 
7 16.50 101.7 0.61794 49270 48.5 0.7454 2801 
9 4.534 19.5 0.85540 97402 20.3 0.8547 9006 

Natural seawater 

16 7.859 47.8 0.87420 87994 31.9 0.9319 8957 

1 8.421 24.2 0.83605 92650 18.2 0.8940 10638 

3 8.974 50.8 0.79367 48174 41.7 0.8364 2770 

5 9.459 76.5 0.64943 31325 53.2 0.7650 2223 

7 14.46 123.7 0.61259 32543 66.4 0.7231 2211 

9 11.13 41.6 0.79478 67980 32.1 0.8530 4621 

Seawater containing phosphate 

16 26.57 10.12 0.76885 75432 22.4 0.9145  8046 

 

 

Fig.3 Physical model for simulating an equivalent circuit to 
fit the EIS data. 

 
in the first 7 d and rose later. This indicated that the sur-
face integrity of the passive film decreased first and then 
increased in both medium. This indicated that the de-
structive effect of corrosive ions such as Cl− in the early 
corrosion stage was dominant, while the self-repair of 
passive film and the protection of corrosion products in 
the late corrosion stage were dominant. Meanwhile, the 
nd1 in the seawater containing phosphate was slightly less 
than that in the natural seawater, which suggested that the 
quality of the passive film was worse in the seawater 
containing phosphate. Conde and De Damborenea (2006) 
pointed out that the appearance of the contain arc in the 
low-frequency region was related to the adsorption of Cl−, 

Cao et al. (2008) suggested that when chloride ions were 
adsorbed on the surface of the passive film and the disso-
lution rate of the local passive film was higher than the 
self-repair of the film, the inductive arc resistance could 
be observed in the low frequency region of the impedance 
spectrum. During the pit initiation of the pitting corrosion 
of passivated metal, the low-frequency inductive arc in 
the impedance spectrum shrank with time, and when the 
passivated film was dissolved through, the low-frequency 
inductive arc in the impedance spectrum also disappeare 
(Jafarzadeh et al., 2008). As shown in the Nyquist plots of 
Fig.2, the inductive arc of the natural seawater was obvi-
ous on the first day and the features of it became less ap-
parent over time, it disappeared on the fifth day and had 
been displaced by Warburg impedance lately, which sug-
gested that the passive film of 5083 in the natural sea-
water had been brokethrough by the corrosive ion during 
the early stage of the corrosion. In the seawater contain-
ing phosphate, the contain arc shrank with time as well, 
but no Warburg impedance could be observed, which 
meant that ion adsorption of corrosive Cl− occurred on the 
surface of the alloy but the passive film had not been 
brokethrough ultimately. 

 
Fig.4 The changing trend of Rct and nd1. 

3.3 Anodic Polarization Curves 

Fig.5 showed the potentiodynamic polarization curves 
of 5083 after 1 and 16 d exposed in the natural seawater 

and the seawater containing phosphate. The measured po- 
larization curves were fitted through Cview2 software to 
obtain electrochemical parameters, the linear fitting 
method of strong polarization region (> 70 mV) was ado- 
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pted in the fitting, the fitting data were listed in Table 3, 
e.g., anode Tafel slope (ba), self-corrosion current density 
(icorr), corrosion potential (Ecorr), pitting potential (Epit). 
The anode polarization diagram of 5083 in the natural 
seawater showed obvious characteristics of passivation 
and breakthrough of the passive film. Epit of 16d in the 
natural seawater was higher than that of 1d, which sug-
gested that with the development of corrosion product 
film, the pitting resistance of the alloy surface was gradu-
ally improved. The icorr in the seawater containing phos-
phate was slightly smaller than that in the natural sea-
water when soaked for the same time, and the icorr of 16 d 
was higher than that of 1 d, which could be explained by 
the decline of the densification and surface of the passive 
film. The ba of 1 d in the seawater containing phosphate 
was obviously smaller than that in the natural seawater, 
but the values of the ba of 16 d were similar in two medi-
ums, which indicated that the promoting effect of phos-

phate on the activation dissolution process mainly oc-
curred in the initial stage of corrosion. 

 

Fig.5 Anodic polarization curves of 5083 in seawater. 

Table 3 The fitting data of POT of 5083 aluminum alloy in seawater 

Medium 
Time 
(d) 

ba 
(mV dec−1) 

icorr 
(μA cm−2) 

Ecorr 
(V) 

Epit 
(V) 

1 307.15 1.23 − 0.776 − 0.635 
Natural seawater 

16 219.24 2.29 − 0.721 − 0.509 
1 153.27 1.29 − 0.740 - 

Seawater containing phosphate 
16 198.31 2.45 − 0.768 - 

 

3.4 Morphology Characterization and Component  
Analysis of Corrosion Product 

The morphologies of corrosion product were charac-
terized by Scanning Electron Microscope (SEM). Fig.6 
showed surface morphologies of 5083 aluminum alloy 
after exposure to natural seawater, seawater containing 
phosphate for 4 and 16 days. It could be seen from the 
SEM image, that the morphology of the corrosion product 

of 5083 was similar in natural seawater and seawater con-
taining phosphate, after immersed for four days. Corro-
sion product had started to generate on the surface of the 
material, but the amount was not enough to cover the 
whole surface, and the scratches on the substrate were 
clearly visible. In addition, the uniformity of the surface 
of the alloy got worse than the original state, and metallic 
inclusion in the second phase could be obviously ob-
served (as shown in the A area of Fig.6).  

     
Fig.6 Scanning electron micrograph of corrosion product of 5083 aluminum alloy in seawater. a, natural seawater 4 d; b, 
natural seawater 16 d; c, seawater containing phosphate 4 d; d, seawater containing phosphate 16 d. 
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Fig.7 Distribution diagram of element of corrosion product of the 5083 aluminum alloy in natural seawater for 4 d. 

After immersed for 16 days, the corrosion product had 
covered the whole surface of the material and could be 
divided into two parts: a dense layer of corrosion product 
next to the metal base and other components deposited on 
it. CaCO3 precipitate (as proved in Fig.7) could be ob-
served in the natural seawater (as shown in the B area of 
Fig.6), but could not be observed in the seawater con-
taining phosphate. 

EDS was used to analyze the element composition and 
distribution of corrosion product. The EDS surface scan-
ning results showed that the composition of corrosion 
product was similar in natural seawater and seawater 

containing phosphate after four-day exposure. Fig.8 
showed the distribution of elements of corrosion product 
of the 5083 aluminum alloy in natural seawater for 4 d, 
there was cluster distribution of Mn-Fe on the corrosion 
product, which reflected the second phase of 5083 alloy. 
The ‘a’ area of Fig.6 corresponded to the Al-Fe-Mn phase, 
which was consistent with the results obtained by Jaya 
et al. (2018). The ‘b’ area of Fig.8 corresponded to the 
Mg2Si phase, which was consistent with the results ob-
tained by Jones et al. (2001). In addition, parts of Si may 
exist in the form of SiO2 (Huang et al., 2016). 

 

Fig.8 Distribution diagram of element of corrosion product of the 5083 aluminum alloy in natural seawater for 16 d. 

 

Fig.9 Distribution diagram of element of corrosion product of the 5083 aluminum alloy in seawater containing phosphate 
for 16 d. 
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Fig.9 showed the EDS surface scanning results of the 
corrosion product of the 5083 aluminum alloy in the sea-
water containing phosphate, which revealed that Ca and P 
were uniformly distributed among the corrosion product, 
and their existence had been proved to be in the form of 
CaHPO4 by the means of XPS (as shown in Fig.10). Table 

4 showed the atomic ratio of Ca and P of corrosion prod-
uct of 5083 aluminum alloy in the seawater containing 
phosphate by EDS, it could be seen that the atomic ratio 
of Ca and P increased with time, which reflected the 
process that CaHPO4 gradually covered the alloy surface 
to form a precipitation coating. 

 

Fig.10 XPS spectrum of corrosion product of 5083 aluminum alloy immersed in seawater for 16 d. 

 

Table 4 Atomic ratio of Ca and P of corrosion product  
of 5083 aluminum alloy in the seawater containing 

 phosphate by EDS 

Atomic ratio (%) 
Time (d) 

Ca P 

4 0.09 0.14 
8 0.18 0.27 

16 0.61 0.72 

3.5 Evaluation of Pitting Corrosion by Laser  
Scanning Confocal Microscope 

Laser confocal microscope and optical profilometry 
were used to evaluate the severity of the pitting corrosion 
of 5083, and 3D models of the derusting substrate were 
established as shown in Fig.11. It could be indicated from 
Fig.11 that the corrosion pits were deeper and more con-

centrated in the natural seawater. Fig.12 showed the dis-
tribution diagram of pits deeper than 5 µm after 16 d ex-
posure in natural seawater and seawater containing phos-
phate. Fig.12 suggested that pits deeper than 5 µm spread 
wider in the natural seawater than in the seawater con-
taining phosphate. Fig.11 and Fig.12 intuitively sup-
ported the fact that the pitting tendency of 5083 was 
significantly reduced when phosphate was added in the 
seawater. 

Quantitative fitting data of pitting corrosion of 5083 in 
seawater for 16 d were shown in Table 5 and the quantita-
tive treatment of pitting data were carried out according 
to the formula (3.5-1) and (3.5-2). The results showed 
that the average depth of pits of 5083 in the natural sea-
water for 16 d was 2.8 µm, the pitting circle equivalent 
diameter was 34.3 µm, and the pitting coefficient was 
18.57. The equivalent diameter was much larger than the 
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average pitting depth, which indicated that the self-pas-
sivation of aluminum alloy hindered the longitudinal de-

velopment of the pitting corrosion, and the corrosive ions 
had difficulties going deeper. 

 

Fig.11 3D model of the derusting substrate surface of 5083 in seawater for 16 d. a and b, natural seawater; c and d, seawater 
containing phosphate. 

     
Fig.12 Distribution diagram of pits deeper than 5 µm of 5083 in seawater for 16 d. a and b, natural seawater; c and d, sea-
water containing phosphate. 

Table 5 Quantitative fitting data of pitting corrosion of 5083 in seawater for 16 d 

Medium 
Number of pits deeper than 5 

(μm cm−2) 
Average depth of pits 

(μm) 
Pitting circle equivalent diameter 

(μm) 

Natural seawater 1868 −2.8 34.3 
seawater containing phosphate 2951 −1.2 14.5 

 
In the seawater containing phosphate, the average 

depth of pits was 1.1 µm which was shallower than in the 
natural seawater, the pitting circle equivalent diameter 
was 14.5 µm which is smaller than in the natural seawater, 
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and the pitting coefficient was 7.16 which is lower than in 
the natural seawater, which mean that there were lower 
pitting coefficient and lower regional average pit depth in 
the seawater containing phosphate.  

The fitting data and the diagrams echoed each other, 
supporting the claim that the added phosphate reduced the 
pitting tendency of 5083 in the seawater. In addition, the 
lower pitting density in the natural seawater could be ex-
plained by the formation of large pits formed by the joint 
of small pits. 

The obtained data were processed according to the fol-
lowing formula: 

pit ,
N

P
S

                 (3.5-1) 

max

ave
.

h
A

h
              (3.5-2)

                      

Ppit: mean pitting density (cm−2) 
N: number of pits in the region 
S: area (cm2) 
A: pitting coefficient 
hmax: depth of the deepest pit (µm) 
have: average depth of the pits in the region (µm) 

3.6 Corrosion Mechanism Discussion 

3.6.1 Corrosion mechanism of 5083 in the  
natural seawater 

Fig.13 illustrated the basic corrosion process of 5083 in 
the natural seawater. 

The process (Fig.13a) reflected the main cathodic de-
polarization reaction occurring in the system: the depo-
larization reaction of oxygen, which mainly provided 
OH− for self-passivation of 5083. 

 

Fig.13 Schematic diagram of corrosion mechanism of 5083 aluminum alloy in natural seawater. 

The process (Fig.13b) reflected the self-passivation 
process of 5083, which could mainly be divided into two 
steps (3.6-1) and (3.6-2) (Jaya et al., 2018). The Al(OH)3 
formed in step (3.6-1) was gelatinous, which had poor 
protective property; while the Al2O3·H2O formed in step 
(3.6-2) was more compact and had better protective prop-
erty (Zaid et al., 2008). 

Al+3OH−→Al(OH)3+3e−,                 (3.6-1) 

2Al(OH)3→Al2O3·H2O+2H2O.       (3.6-2) 

Foroulis and Thubricar (1975) suggested that break-
down of the passive film of aluminum alloy by Cl− occurs 
in two steps (as shown in the process (c) of Fig.13). 
Firstly, Cl− ions adsorbed on the hydrated oxide surface 
under the influence of the electric field in competition 
with OH- or water molecule and then form a soluble, ba-
sic chloride salt with the lattice cation. 

It is suggested that Cl− contributed to the conversion of 
Al(OH)3 into soluble AlCl3 complex through a two-step 
intermediate process by step-by-step substitution (Conde 
and De Damborenea, 1997; Zazi and Chopart, 2017) (as 
shown in the (3.6-3), (3.6-4) and (3.6-5)) , so as to lead to 

the damage even the breakdown of the passive film of the 
alloy. 

Al(OH)3 +Cl−→Al(OH)2Cl+OH−,      (3.6-3) 

  Al(OH)2Cl+Cl−→Al(OH)Cl2+OH−,     (3.6-4) 

Al(OH)Cl2+Cl−→AlCl3+OH−.         (3.6-5) 

3.6.2 The influence of phosphate added in  
the seawater 

Seawater is a natural buffering system. Under the pH 
condition of seawater, 90% of the phosphate group exists 
in the form of HPO4

2−, and adding 0.025 mmol L−1 phos-
phate has little effect on the pH of seawater. Therefore, 
the inhibition to the pitting corrosion brought by phos-
phate in seawater is not through the pH effect. 

The influence of phosphate in the seawater on the cor-
rosion of 5083 aluminum alloy varied with time and 
could be divided into three stages as shown in Fig.14. 

In the original state (Fig.14a), due to the process of ac-
tivation dissolution and the presence of positively charged 
oxygen vacancies (Jafarzadeh et al., 2007), there was an 



WANG et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2021 20: 372-382 

 

381

anion-selective outer on the surface of the alloy. Mean-
while, competitive adsorption of anions such as OH−, Cl− 
and HPO4

2− etc., happened on the surface of the alloy. 
In the early stage of the corrosion (Fig.14b), according 

to the adsorption model based on the so-called ‘bipolar 
passive film’ (Sakashita, 1977), the adsorption and in-
corporation of HPO4

2− led to the conversion of the an-
ion-selective outer passive film of 5083 into cation-se-

lective phases. Such cation-selective phases might repel 
Cl− from the surface and hinder the penetration of the 
aggressive anions into the passive film, which contributed 
to inhibit the pitting corrosion. On the other hand, the 
absorption of OH− was also hindered by this repulsive 
interaction, so the self-passivation process of the 5083 
alloy was also inhibited and this effect also accelerated 
the activation and dissolution of the alloy. 

 
Fig.14 Schematic diagram of the influence of high concentration of phosphate in the seawater on the corrosion of 5083 alu-
minum alloy. 

Basame and White (2000) suggested that addition of 
anions would contaminate the passive film components 
and lead to higher conductivity on the permeation path, 
and the whole process was an autocatalytic acceleration 
process, which might explain why the results of electro-
chemical impedance spectroscopy showed that the corro-
sion rate of 5083 in seawater containing phosphate was 
slightly higher than that in natural seawater during the 
early stage of the corrosion. 

Lately (Fig.14c), Ca2+ in the medium gradually com-
bined with HPO4

2− absorbed on the surface to form 
CaHPO4 precipitation (as shown in the process (3.6-6)), 
and with the accumulation of the precipitation, a dense 
precipitation film gradually formed, which covered the 
surface of the alloy and acted as a barrier and protection. 
It could be speculated that with the gradual perfection of 
precipitation film, the corrosion resistance of the alloy in 
seawater containing phosphate will gradually improve. 

Ca2++HPO4
2−→CaHPO4↓ .          (3.6-6) 

4 Conclusions 
High concentration of phosphate in the seawater nega-

tively affected the corrosion resistance of 5083 by inhib-
iting the self-passivation of 5083 in the early stage of 
corrosion. 

High concentration of phosphate decreased the pitting 
tendency of 5083 in seawater by inhibiting the adsorption 
of corrosive ions such as Cl− and forming a CaHPO4 pre-
cipitation barrier film which had good blocking effect. 

Besides, with the passage of corrosion time, the barrier 
film was gradually improved to give better protection. 

In the seawater containing phosphate, most of Ca ele-
ment is paticipated in the formation of the CaHPO4 pre-
cipitation barrier film on the surface of 5083, which 
meant that there was much less calcium carbonate depos-
ited on the surface of the corrosion products. 
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