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Abstract: The impact of magnetic field on the corrosion behavior of Al-Mg-xRE/Fe alloys in NaCl 
solutions with concentrations of 1.5wt%, 3.5wt%, and 5.5wt% were studied by microstructure observation, 
immersion test, and electrochemical test. The combined impacts of magnetic field and chloride ion concentration 
on the corrosion behavior of Al-Mg alloys with various electrode potential phases were discussed. The results 
indicate that Al-3.0Mg-xRE/Fe alloys corrode faster and have a higher pitting corrosion potential in the NaCl 
solution with a higher concentration. In addition, a magnetic field can lower the pitting sensitivity and corrosion 
rate of Al-3.0Mg and Al-3.0Mg-0.2RE/Fe alloys in NaCl solution with different concentrations. However, at a 
higher concentration of NaCl solution, the magnetic field has a weaker inhibiting effect on corrosion rate and 
pitting sensitivity. In NaCl solutions with concentrations of 1.5wt% and 3.5wt%, the corrosion rate and pitting 
sensitivity of Al-3.0Mg-1.0RE/Fe alloys can be reduced by a magnetic field. However, in NaCl solution with the 
concentration of 5.5wt%, the corrosion rate of the alloys is increased by a magnetic field.
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1 Introduction

For the development of electronic and commu-
nication technology, many communication facilities 
have been built followed by the emergence of complex 
magnetic fields. Because of their excellent corrosion 
resistance, high strength, and ductility, Al-Mg alloys 
are intensively used in marine engineering materials[1-4]. 
However, pitting corrosion usually happens in alumi-
num alloys, causing the failure of the equipment and 
safety hazards[5-10]. In the presence of a magnetic field, 
the corrosion performance of Al-Mg alloy will be more 
complicated in high concentration chloride anion solu-
tion. 

The impact of magnetic fields on the corruption 
behavior of metals has been studied by many research-
ers[11-27]. When metals are corroded, the moving charged 
particles are subject to additional forced induced by 

the presence of magnetic field, such as paramagnetic 
gradient force, Lorentz force, and gradient magnetic 
force[11,12]. Magnetic field have different effects on the 
corrosion behavior of various metals. When there are 
no paramagnetic ions in the corrosion system, such as 
copper and zinc alloys, the paramagnetic gradient force 
barely has almost no effect on the mass transport. The 
magnetic field usually accelerates the movement of 
ions in the corrosion process, resulting in the increasing 
corrosion rate of metals[13-18]. However, when paramag-
netic ions are present or produced in the corrosion pro-
cess of metals including iron and aluminum alloys, the 
paramagnetic ions are subject to the paramagnetic gra-
dient force, leading to a gradient in the concentration 
of the paramagnetic ions, which will have complicated 
effects on corrosion behavior[19-25]. 

The impact of a magnetic field on the corrosion 
behavior of metals changes with different solutions. 
In NaCl solution, the corrosion rate of copper can be 
accelerated by the presence of magnetic field, while 
in the HNO3 solution, the corrosion rate is reduced 
by the magnetic field[14,15]. When the magnetic field is 
withdrawn from acidic solutions, the OCP of iron expe-
riences a negative shift. In contrast, when the magnetic 
field is withdrawn from neutral solutions, the OCP does 
not have significant change[24]. In the corrosion process, 
the second phases in the metal usually work as an an-
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ode or cathode to aggravate the corrosion of the metal 
in nearby areas. We do not yet have a clear understand-
ing of the effect of the magnetic field on the corruption 
behavior of the metal with various potential phases. 
Therefore, the combined impact of magnetic field and 
corrosion solution on the corruption performance of the 
metals containing various electrode potential phases is 
very complex. 

In this study, the impact of magnetic field on the 
corrosion behavior of Al-Mg-xRE/Fe alloys in NaCl 
solutions with concentrations of 1.5wt%, 3.5wt%, and 
5.5wt% was discussed. In addition, the combined im-
pact of magnetic field and chloride ion concentration 
on Al-Mg alloy’s corrosion performance with various 
electrode potential phases were analyzed.

2 Experimental

An electrical resistance furnace was used to melt 
pure Al (99.7wt%) and Mg (99.9wt%) ingots at 720 ℃ 
in a graphite crucible. In order to obtain the Al-3.0Mg, 
Al-3.0Mg-0.2RE/Fe and Al-3.0Mg-1.0RE/Fe alloys for 
the immersion test and electrochemical test, the R6535 
mischmetal (61.5wt% Ce and 37.3wt% La) or AlFe10 
master alloy was pressed into the molten aluminum. 

The immersion test was conducted in NaCl solu-
tion with the concentration of 1.5wt%, 3.5wt%, and 
5.5wt% in the absence of magnetic field and under a 
magnetic field with the strength of 0.4 T for 7 days. 
The magnetic field was produced by an Nd-Fe-B per-
manent magnet. After the immersion test, the corrosion 
morphology of the samples was obtained by Hitachi 
S-3400 N scanning electron microscopy (SEM) and the 
chemical composition of the metals was analyzed by 
Horiba EX250 energy dispersive spectroscopy (EDS).

The samples for the electrochemical test were 
covered with a layer of epoxy resin, and a remaining 
surface area of about 1 cm2 was exposed to the NaCl 
solution. Before the test, 2000 SiC papers were used 
to polish the surface of the samples to a mirror finish. 

We conducted the electrochemical test in the NaCl 
solutions with concentrations of 1.5wt%, 3.5wt%, and 
5.5wt% in the absence of a magnetic field and under 
a 0.4 T magnetic field. The experiment was conduct-
ed with the PARSTAT 2273 electrochemical system 
containing three electrodes, i e, a working electrode 
(specimen electrode), a reference electrode (saturated 
calomel electrode), and a counter electrode (platinum 
wire), as shown in Fig.1. When the OCP became stable, 
the potentiodynamic polarization test was conducted 
at a scanning rate of 1 mV/s. All the tests were repeat-
ed three times or more to ensure the accuracy of the 
results. The cathode extrapolation was used to plot the 
Tafel curves because in the anode branch, there existed 
a passive region with the fixed current; while in the an-
ode polarization, there was no Tafel region.

3 Results and discussion

Fig.2 shows corroded surface morphology of Al-
3.0Mg alloys with various addition of RE or Fe after 7 
days immersion test in NaCl solutions with the concen-
tration of 1.5wt%, 3.5wt%, and 5.5wt%. Some skeletal 
second phases exist in the alloys. Based on previous 
studies[28,29], the skeletal phase in Al-3.0Mg alloy is 
the FeAl3 phase. The addition of rare earth into the al-
loys cause a decrease in the amount of skeletal FeAl3 
phases and an increase in the amount of skeletal Al4Ce/
Al4La phases. On the other hand, the addition of Fe to 
the samples result in a large amount and size of FeAl3 
phases. The more the added Fe, the more significant the 
increase.

There are some pitting holes on the corroded sur-
face of Al-3.0Mg-xRE/Fe alloys. With the increase of 
the concentration of NaCl, the amount and dimension 
of pitting holes increase significantly. It means that a 
high concentration of NaCl solution can promote the 
generation and growth of pitting corrosion in Al-Mg 
alloys. When more RE is added, the amount and dimen-
sion of pitting holes show a trend of first increasing and 
then decreasing. The fewest and smallest pitting holes 
are observed on the surface of Al-3.0Mg-0.2RE alloy, 
while the most and biggest pitting holes are observed 
on the surface of Al-3.0Mg-1.0RE alloy. Adding 0.2% 
RE inhibit the generation and growth of pitting holes, 
while adding 1.0% RE promote this process. With the 
increase of Fe addition, the amount and dimension of 
pitting holes increase steadily. It means that the addi-
tion of Fe led to the promotion of the generation and 
growth of pitting corrosion. 

Fig.3 shows the morphologies of pitting holes 
on Al-3.0Mg-1.0RE and Al-3.0Mg-1.0Fe alloys after 
immersion test in the NaCl solution with the concen-
tration of 5.5wt% for 7 days. The product from the cor-

Fig.1  Device for electrochemical test
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rosion process was analyzed by EDS. The results are 
shown in Table 1. The pitting area of Al-3.0Mg-1.0RE 
alloy contains 42.81wt% Al, 1.34wt% Mg, 38.22wt% 
O, 12.49wt% Ce, and 5.15wt% La. The result reveals 
the development of pitting corrosion in or around the 
region of Al4Ce/Al4La phases. The pitting area of Al-
3.0Mg-1.0Fe alloy contains 34.85wt% Al, 1.92wt% 
Mg, 31.34wt% O, and 31.89wt% Fe, which reveals 
the development of pitting corrosion in or around the 
region of the FeAl3 phase. The second phases have 
different electrode potentials, so they experience differ-

ent types of corrosion. Compared with aluminum, the 
electrode potential of Al4Ce/Al4La phases is lower, and 
it acts as an anode to protect the Al substrate. However, 
self-corrosion of the Al4Ce/Al4La phase occurs readily, 
thus damaging the oxide film[30]. Consequently, the pit-
ting corrosion holes are developed with the appearance 
of holes. These pitting holes are shown in Fig.3(a). On 
the contrary, the electrode potential of FeAl3 phases 
(-0.56 V) is higher than that of aluminum (-0.85 V). 
Therefore, FeAl3 phases work as a cathode, which can 
worsen the corrosion of the Al substrate. Consequently, 

Fig.2 Surface morphology of Al-3.0 Mg with various addition of RE or Fe in NaCl solutions with the concentrations of 1.5wt% (1), 3.5wt% (2) 
and 5.5wt% (3) for 7 days: (a) 0% RE or Fe; (b) 0.2% RE; (c) 1.0% RE; (d) 0.2% Fe; (e) 1.0% Fe
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the pitting corrosion holes have island-like distribution, 
which are shown in Fig.3(b). During the corrosion 
process, the generation and damage of passivation film 
are cyclical. In general, pitting corrosion is developed 

nearby the second phase and start to develop when the 
passivation film in that area cracked. Therefore, the 
contents and dimension of the second phase are the de-
termining factors for the number and dimension of the 

Fig.3 Surface morphology of Al-3.0Mg-1.0RE/Fe alloy after immersion in NaCl solution with the concentration of 5.5wt% for 7 days: (a) Al-
3.0Mg-1.0RE alloy; (b) Al-3.0Mg-1.0Fe alloy

Fig.4 Potentiodynamic polarization curves of Al-3.0 Mg alloys containing various contents of RE/Fe in 1.5wt%/3.5wt%/5.5wt% NaCl 
solution: (a) 0% RE or Fe; (b) 0.2% RE; (c) 1.0% RE; (d) 0.2% Fe; (e) 1.0% Fe
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pitting holes. Specifically, when there are a larger num-
ber of second phases with bigger sizes, there are more 
pitting holes and their size is larger, and the corrosion 
is severer.

The potentiodynamic polarization curves of Al-
3.0Mg-xRE/Fe alloys are shown in Fig.4. The corrosion 
potential Ecorr, corrosion current density icorr, and pitting 
corrosion potential Epit of the alloys are listed in Table 
2. With the increase of NaCl concentration, the values 
of Ecorr and icorr of all alloys increase, while the value of 
Epit decrease. It means that the corrosion rate and pit-
ting corrosion potential of Al-3.0Mg-xRE/Fe alloys are 
higher in NaCl solutions with a higher concentration. 
As the RE addition increase, the values of Ecorr and Epit 
show a trend of first increasing and then decreasing, 
while the value of icorr show the trend of first decreasing 
and then increasing. Adding 0.2wt% RE can improve 
the purification of the aluminum molten and decrease 
the amount of FeAl3 phases, thereby enhancing the 
corrosion resistance of Al-3.0Mg alloys. However, 
when the added amount of RE is excessive, the amount 
of Al4Ce/Al4La phases increase, and then the corrosion 
resistance of the alloys is reduced[30]. As the iron con-
tent become higher, the shifting direction of Ecorr and 
Epit values is first to the negative direction, and then to 

the positive direction, while icorr value have a steady in-
crease. The Ecorr and Epit values of Al-3.0Mg-0.2Fe alloy 
are the smallest, and the icorr values of Al-3.0Mg-1.0Fe 
alloy are the biggest. The results indicate that when 
0.2wt% Fe is added, the corrosion and pitting sensitiv-
ity of Al-3.0 Mg alloy are increased. At the same time, 
adding 1.0wt% Fe led to an increasing in the corrosion 
rate of the alloys. When 1.0wt% Fe is added, the corro-
sive behavior and characteristics of Al-3.0 Mg alloy are 
changed. The potentiodynamic polarization curves of 
Al-3.0Mg-1.0Fe alloy have a less pronounced passiva-
tion region, indicating that the corrosion characteristic 
of the alloys changed from pitting corrosion to uniform 
corrosion.

Fig.5 shows the corrosion surface of Al-3.0Mg 
alloys after immersion in NaCl solution with the con-
centrations of 1.5wt%, 3.5wt%, and 5.5wt% in the ab-
sence of a magnetic field and under a magnetic field of 
0.4 T. At magnetic field with the strength of 0.4 T, the 
pitting holes of Al-3.0Mg alloys are smaller and fewer 
than those in the absence of a magnetic field, which in-
dicates that, in the corrosion process of Al-3.0Mg alloy, 
the presence of a magnetic field can prevent the pitting 
holes from forming and growing.

In the presence and absence of a magnetic field of 
the strength of 0.4 T, the potentiodynamic polarization 
curves of Al-3.0Mg alloy are plotted in Fig.6. The val-
ues of Ecorr, icorr, and Epit of the alloys are summarized 
in Table 3. The presence of a magnetic field led to the 

Table 1 EDS analysis on Al-3.0Mg-1.0RE/Fe alloy after 
immersion in NaCl solution with the concentration of 
5.5wt% for 7 days/wt%

Al Mg O Fe Ce La

Point 1 42.81 1.34 38.22 / 12.49 5.15
Point 2 34.85 1.92 31.34 31.89 / /

Table 2 Values of Ecorr, icorr, and Epit of Al-3.0Mg alloys containing 
various contents of RE/Fe in 1.5wt%/3.5wt%/5.5wt% 
NaCl solution derived from the polarization curves

Ecorr/ V icorr/(μA·cm-2) Epit/V

Al-3.0Mg

1.5% NaCl -1.248 4.474 -0.777

3.5% NaCl -1.216 7.253 -0.821

5.5% NaCl -1.211 8.263 -0.837

Al-3.0Mg-0.2RE

1.5% NaCl -1.256 3.566 -0.740

3.5% NaCl -1.243 6.788 -0.793

5.5% NaCl -1.232 8.518 -0.808

Al-3.0Mg-1.0RE

1.5% NaCl -1.269 4.721 -0.765

3.5% NaCl -1.261 9.130 -0.836

5.5% NaCl -1.248 9.873 -0.841

Al-3.0Mg-0.2Fe

1.5% NaCl -1.261 6.070 -0.773

3.5% NaCl -1.240 10.301 -0.841

5.5% NaCl -1.173 10.991 -0.851

Al-3.0Mg-1.0Fe

1.5% NaCl -1.099 7.331 -0.749

3.5% NaCl -1.073 8.408 -0.805

5.5% NaCl -1.019 12.661 -0.811

Fig.5 Surface morphologies of corroded Al-3.0Mg alloy in NaCl 
solution in the absence of magnetic field and under a magnetic 
field with the strength of 0.4 T: (a1) 1.5% NaCl, 0 T; (a2) 1.5% 
NaCl, 0.4 T; (b1) 3.5% NaCl, 0 T; (b2) 3.5% NaCl, 0.4 T; (c1) 
5.5% NaCl, 0 T; (c2) 5.5% NaCl, 0.4 T
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positive shift of Ecorr and Epit. At the same time, the val-
ues of icorr of Al-3.0Mg alloy under 0.4 T magnetic field 
are lower than the values in the absence of magnetic 
field. This result reveals that the presence of the mag-
netic field can decrease the corrosion and pitting corro-
sion sensibility and corrosion rate of Al-3.0Mg alloys 
in NaCl solutions with the concentrations of 1.5wt%, 
3.5wt%, and 5.5wt%. 

With the increase of NaCl concentration, the 
values of icorr(0.4T)-icorr(0T) of Al-3.0Mg alloys increase 
from -1.350 to -0.310 μA·cm-2, while the values of 
Epit(0.4T)-Epit(0T) reduce from 0.038 to 0.018 V. It indi-
cates that the inhibition of pitting susceptibility and 
corrosion rate by magnetic field decrease with increas-
ing concentration of NaCl solution

The corrosion process of metals is related to 
oxidation (anodic reaction) and oxidant reduction (ca-
thodic reaction). When the magnetic field is applied, 
the mass transfer is influenced by the magnetohydro-
dynamic (MHD) flow on Al-solution interface, and the 
activation/dissolution of the Al anode in NaCl solution 
is changed. This explains the effect of the electrode 
preparation process by applying a magnetic field to the 
Al-3.0Mg mixture. In the electrochemical system, the 
MHD flow can be calculated using the following equa-
tion: , where  is the local ion flux. 

In an electrochemical system, the orientation of 

the electronic field can usually determine the ion flux 
orientation. Therefore, in the corrosion process, the 
mass transfer rate is significantly affected by the direc-
tion of the magnetic field. When the direction of the 
magnetic field is perpendicular to the electronic field 
and ion flux,  has the largest value. In addition,
the magnetic field induces an additional Lorentz force, 
which leads the charged particles to penetrate the inter-
facial diffusion layer.

Aluminum anodic dissolution contains two re-
actions[31,32]. First, the intermediate ions, i e, Al+

(ad) are 
formed from aluminum after losing electrons. Then, 
the Al3+ ions can be produced from intermediate Al+

(ad) 
ions through the additional loss of electrons. Both the 
Al3+ ions and the intermediate Al+

(ad) ions have a reac-
tion with O2, H2O, and Cl-, the anode is decomposed, 
and the passivation film is destroyed. The electrons can 
freely move and the ions recombine, which contributes 
to the corrosion of Al-3.0Mg alloy. To our opinion, the 
depletion of Al3+ is the main factor that maintains the 
corruption progress.

Al-e→Al+
(ad)                               (1)

Al+
(ad)-2e→Al3+                           (2)

The application of the magnetic field can influ-

Fig.6 Potentiodynamic polarization curves of Al-3.0Mg alloy in NaCl solution in the absence of magnetic field and under a magnetic field 
with the strength of 0.4 T: (a) 1.5wt% NaCl; (b) 3.5wt% NaCl; (c) 5.5wt% NaCl
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ence the motion of cations and anions through “para-
magnetic gradient force”[33,34]. Due to the presence of 
magnetic field, the paramagnetic ions are subject to 
another driving force, which leads to the gradient in 
the concentration of the paramagnetic ions with the 
same direction as the gradient of paramagnetic ions. 
This driving force resulted in the redistribution of the 
paramagnetic ions in the diffusion layer, causing the 
paramagnetic ions more concentrated. 

Al+
(ad) ion has the electron configuration of 

1S22S22P63S13P1. The orbits of 3S and 3P only have a 
single electron, which indicates the paramagnetism of 
Al+

(ad) ions. Therefore, in the presence of a magnetic 
field, Al+

(ad) ions are accumulated around the aluminum 
electrode. When Al-3.0Mg alloy is corroded in NaCl 
solution, the paramagnetic gradient force moves the 
produced Al+

(ad) ions closer to the aluminum electrode, 
leading to a larger amount of Al+

(ad) ions on top of the 
electrode. As a result, the reaction (1) is slowed down 
and the number of the generated Al3+ ions become 
smaller. Therefore, the application of a magnetic field 
reduces the concentration of the ions in the diffusion 
layer, thereby reducing the corrosion sensibility and the 
corrosion rate of Al-3.0Mg alloy. 

With the increase of NaCl concentration, the 
amount of chloride ions increases, which can increase 
the corrosion rate of Al-3.0Mg alloys. Under the action 
of Lorentz force, the chloride ions move faster, which 
is conducive to destroying the passivation film on of 
Al-3.0Mg alloy, increasing corrosion rate. Therefore, 
the higher concentration of NaCl solution, the greater 
the acceleration effect of magnetic field on corrosion 
rate and pitting generation of Al-3.0Mg alloys. Under 
the combined influence of paramagnetic gradient force 
(Corrosion inhibition) and Lorentz force (Corrosion 
promotion), the increase in NaCl concentration reduced 
the inhibition of pitting sensitivity and corrosion rate of 
Al-3.0Mg alloys by magnetic field.

Fig.7 illustrates the corroded surface of Al-
3.0Mg-0.2RE alloy after immersion in NaCl solutions 
with concentrations of 1.5wt%, 3.5wt%, and 5.5wt% in 
the absence and presence of a magnetic field of 0.4 T. 
With the application of a 0.4 T magnetic field, the pit-
ting holes of Al-3.0Mg-0.2RE alloys in all NaCl solu-
tions are smaller and fewer than those in the absence of 

a magnetic field. However, when the concentration of 
NaCl solution is high, the difference in the amount and 
dimension of pitting holes between the results with and 
in the absence of magnetic field become smaller. This 
indicates that magnetic field can inhibit the generation 
and growth of pitting holes on the Al-3.0Mg-0.2RE 
alloy. But the inhibiting effect is weakened with the in-
crease of NaCl concentration.

Fig.8 illustrates the corroded surface of Al-3.0Mg-
1.0RE alloys after immersion in NaCl solutions with 
concentrations of 1.5wt%, 3.5wt%, and 5.5wt% in the 
absence of a magnetic field and with a 0.4 T magnetic 
field. When Al-3.0Mg-1.0RE samples were immersed 
in NaCl solutions with the concentrations of 1.5wt% 
and 3.5wt% under a magnetic field of 0.4 T, fewer and 
smaller pitting holes were generated than in the absence 
of a magnetic field. However, when Al-3.0Mg-1.0RE 
samples were immersed in NaCl solution with the con-
centration of 5.5wt% under a magnetic field with the 
strength of 0.4 T, more and bigger pitting holes were 

Table 3 Values of Ecorr, icorr, and Epit obtained from the polarization curves of Al-3.0Mg alloy tested in 1.5wt%/3.5wt%/5.5wt% NaCl 
solution in the absence of a magnetic field and under a magnetic field with the strength of 0.4 T

Ecorr/ V Ecorr(0.4T)-Ecorr(0T)

/V
icorr/(μA·cm-2) icorr(0.4T)-icorr(0T)

/(μA·cm-2)
Epit/V Epit(0.4T)-Epit(0T)

/V0 T 0.4 T 0 T 0.4 T 0 T 0.4 T

1.5% -1.248 -1.144 0.144 4.474 3.124 -1.350 -0.777 -0.739 0.038

Al-3.0Mg 3.5% -1.216 -1.186 0.030 7.253 6.670 -0.583 -0.821 -0.799 0.022

5.5% -1.211 -0.143 0.068 8.263 7.953 -0.310 -0.837 -0.819 0.018

Fig.7 Surface morphologies of corroded Al-3.0Mg-0.2RE alloy in 
NaCl solution in the absence of magnetic field and under a 
magnetic field with the strength of 0.4 T: (a1) 1.5% NaCl, 0 T; 
(a2) 1.5% NaCl, 0.4 T; (b1) 3.5% NaCl, 0 T; (b2) 3.5% NaCl, 
0.4 T; (c1) 5.5% NaCl, 0 T; (c2) 5.5% NaCl, 0.4 T
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produced than in the absence of magnetic field. The 
result indicates that magnetic field have an inhibiting 
effect on the generation and growth of pitting holes of 
Al-3.0Mg-1.0RE alloy in low concentration NaCl solu-
tion (1.5wt% and 3.5wt%), and have a promoting effect 
on the production and development of pitting holes in 
high concentration NaCl solution (5.5wt%).

Fig.9 illustrates the potentiodynamic polarization 
curves of Al-3.0Mg-xRE alloy in the absence of a mag-
netic field and under a magnetic field with the strength 
of 0.4 T. The values of Ecorr, icorr, and Epit of the alloys 
are listed in Table 4. In the presence of a magnetic field, 
Ecorr of Al-3.0Mg-xRE alloys in NaCl solutions with 
the concentrations of 1.5wt%, 3.5wt%, and 5.5wt% 
shift positively. In the presence of a magnetic field, the 
uniform corrosion sensitivity of Al-3.0Mg-xRE alloys 
decreases. 

For Al-3.0Mg-0.2RE alloys, under a magnetic 
field with the strength of 0.4 T, the values of icorr in 
NaCl solutions are smaller than those in the absence of 
magnetic field, while the values of Epit are larger than 
those in the absence of magnetic field. In the presence 
of a magnetic field, the pitting sensitivity and corrosion 
rate of Al-3.0Mg-0.2RE alloy are reduced. However, 
with the increase of NaCl concentration, icorr(0.4T)-icorr(0T)

values increase from -1.033 to -0.968 μA·cm-2, 
while Epit(0.4T)-Epit(0T) values drop from 0.023 to 0.016 
V. This result indicates that at a higher concentration of 

NaCl solution, the magnetic field have a weaker inhib-
iting effect on the pitting sensitivity and corrosion rate.

The impact of the presence of magnetic field on 
the corrosion behavior of Al-3.0Mg-1.0RE alloy in 
NaCl solutions changes with the solution concentra-
tions. In NaCl solutions with concentrations of 1.5wt% 
and 3.5wt%, the presence of magnetic field can reduce 
icorr, increase Epit, and lower down the pitting sensitivity 
and corrosion rate of the alloys. As NaCl concentra-
tion become higher, the difference between icorr(0.4T) and 
icorr(0T), Epit(0.4T), and Epit(0T) both become smaller. Thus, 
the magnetic field have a weaker inhibiting effect on 
pitting sensitivity and corrosion rate. In 5.5wt% NaCl 
solution, under 0.4 T magnetic field, icorr value is high-
er and Epit value is smaller than that in the absence of 
magnetic field. Therefore, in NaCl solution with the 
concentration of 5.5wt%, in the presence of magnetic 
field, the pitting sensitivity and corrosion rate of Al-
3.0Mg-1.0RE alloys increase.

As stated above, when rare-earth was added into 
the alloys, there were fewer skeletal FeAl3 phases 
(cathode phase) and more skeletal Al4Ce/Al4La phases 
(anode). Al4Ce/Al4La acts as the anode phases and 
caused themselves to corrode. As a result, the passiv-
ation films forming on the alloys are damaged. The 
application of a magnetic field cause Ce3+ and La3+ to 
move faster from the alloys to the alloy/solution in-
terface and react with oxygen. As the concentration 
of sodium chloride increases, more chloride ions are 
involved in the destruction of the passivation film. The 
magnetic field can accelerate the moving of chloride 
ions toward the passivation films. As a result, the more 
Al4Ce/Al4La phases and more chloride ions present 
in the corrosion process, the more serious passivation 
films are destroyed. Therefore, in NaCl solution with 
the concentration of 5.5wt%, when 0.4 T magnetic field 
is applied, the corrosion rate of Al-3.0Mg-1.0RE alloy 
is faster.

Fig.10 shows the corroded surface of Al-3.0Mg-
0.2Fe alloys after immersion in NaCl solutions with 
concentrations of 1.5wt%, 3.5wt%, and 5.5wt% in the 
presence of a magnetic field and under a magnetic field 
with the strength of 0.4 T. Under a magnetic field with 
the strength of 0.4 T, smaller and fewer pitting holes are 
generated on Al-3.0Mg-0.2Fe alloys in NaCl solutions 
than those in the absence magnetic field. Similar to Al-
3.0Mg-0.2RE alloy, the difference in the amount and 
dimension of pitting holes on Al-3.0Mg-0.2Fe alloys 
between the results in the absence of magnetic field 
and under a magnetic field with the strength of 0.4 T 
become smaller in the NaCl solutions with higher con-
centrations. The result indicates that at a higher NaCl 
concentration, magnetic field have a weaker inhibiting 
effect on the corrosion of Al-3.0Mg-0.2RE alloys.

Fig.8 Surface morphologies of corroded Al-3.0Mg-1.0RE alloy in 
NaCl solution in the absence of magnetic field and under a 
magnetic field with the strength of 0.4 T: (a1) 1.5% NaCl, 0 T; 
(a2) 1.5% NaCl; 0.4 T; (b1) 3.5% NaCl, 0 T; (b2) 3.5% NaCl, 
0.4 T; (c1) 5.5% NaCl, 0 T; (c2) 5.5% NaCl, 0.4 T
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Fig.11 illustrates the corroded surface of Al-
3.0Mg-1.0RE alloys after immersion in NaCl solutions 
with concentrations of 1.5wt%, 3.5wt%, and 5.5wt% 
in the absence of a magnetic field and under a mag-
netic field of the strength of 0.4 T. Under a magnetic 

field with the strength of 0.4 T, fewer pitting holes are 
produced on the surface of Al-3.0Mg-1.0Fe alloys in 
NaCl solutions than those in the absence of a magnetic 
field. In the NaCl solution with a higher concentra-
tion, the difference of pitting holes amount between 

Table 4 Values of Ecorr, icorr, and Epit from the polarization curves of Al-3.0Mg-xRE alloys tested in 1.5wt%/3.5wt%/5.5wt% NaCl 
solution in the absence of a magnetic field and under a magnetic field with the strength of 0.4 T

Ecorr/ V Ecorr(0.4T)-Ecorr(0T)

/V
icorr/(μA·cm-2) icorr(0.4T)-icorr(0T)

/(μA·cm-2)
Epit/V Epit(0.4T)-Epit(0T)

/V0 T 0.4 T 0 T 0.4 T 0 T 0.4 T

Al-3.0Mg-0.2RE

1.5% -1.256 -1.189 0.067 3.566 2.533 -1.033 -0.740 -0.717 0.023

3.5% -1.243 -1.193 0.050 6.788 5.815 -0.973 -0.793 -0.773 0.020

5.5% -1.232 -1.149 0.083 8.518 7.650 -0.868 -0.808 -0.792 0.016

Al-3.0Mg-1.0RE

1.5% -1.269 -1.216 0.053 4.721 3.813 -0.908 -0.765 -0.741 0.024

3.5% -1.261 -1.218 0.043 9.130 8.759 -0.371 -0.836 -0.819 0.017

5.5% -1.248 -1.124 0.124 9.873 11.111 1.238 -0.841 -0.851 -0.010

Fig.9 Potentiodynamic polarization curves of Al-3.0 Mg-0.2RE alloy (1) and Al-3.0 Mg-1.0RE alloy (2) in NaCl solution in the absence of 
magnetic field and under a magnetic field with the strength of 0.4 T: (a) 1.5wt% NaCl; (b) 3.5wt% NaCl; (c) 5.5wt% NaCl



1201Journal of  Wuhan University of  Technology-Mater. Sci. Ed.  www.jwutms.net  Dec. 2022

the results in the absence of magnetic field and under 
a magnetic field with the strength of 0.4 T become 
smaller. The magnetic field can inhibit the generation 
of pitting corrosion of Al-3.0Mg-1.0Fe alloy. But the 
inhibiting effect is weaker at a higher concentration of 
NaCl solution. In NaCl solutions with the concentra-
tions of 1.5wt% and 3.5wt%, the presence of a 0.4 T 
magnetic field led to a smaller dimension of the pitting 
holes. However, in 5.5wt% NaCl solution, the presence 
of a 0.4 T magnetic field led to a bigger dimension of 
pitting holes on Al-3.0Mg-1.0Fe alloy. The results in-
dicates that magnetic field have an inhibiting effect on 
the growth of pitting holes on the surface of Al-3.0Mg-
1.0Fe alloy in low-concentration NaCl solution (1.5wt% 
and 3.5wt%) and a promoting effect on the growth 
of pitting holes in high-concentration NaCl solution 
(5.5wt%).

Fig.12 plots the potentiodynamic polarization 

curves of Al-3.0Mg-xFe alloys in the absence of a mag-
netic field and under a magnetic field with the strength 
of 0.4 T. The values of Ecorr, icorr, and Epit of the alloys 
are listed in Table 5. In NaCl solution with concentra-
tions of 1.5wt%, 3.5wt%, and 5.5wt%, in the presence 
of magnetic field, Ecorr and Epit of Al-3.0Mg-xFe alloys 
shift positively. Thus, in the presence of magnetic field, 
the uniform and pitting sensitivity of Al-3.0Mg-xFe 
alloys is reduced. At a higher NaCl concentration, the 
values of Epit(0.4T)-Epit(0T) of Al-3.0Mg-xFe alloys de-
creased, which indicates that at a higher concentration 
of NaCl solution, the presence of a magnetic field have 
a weaker inhibiting effect on the pitting sensitivity. 

In the presence of a magnetic field, the values of 
icorr of Al-3.0Mg-0.2Fe alloys are decreased. The appli-
cation of a magnetic field cause the corrosion rate of 
Al-3.0Mg-0.2Fe alloy to decrease. However, with the 
increase of NaCl concentration, the values of icorr(0.4T)-

Table 5 Values of Ecorr, icorr, and Epit from the polarization curves of Al-3.0Mg-xFe alloys tested in 1.5wt%/3.5wt%/5.5wt% NaCl 
solution in the absence of a magnetic field and under a magnetic field with the strength of 0.4 T

Ecorr/ V Ecorr(0.4T)-Ecorr(0T)

/V
icorr/(μA·cm-2) icorr(0.4T)-icorr(0T)

/(μA·cm-2)
Epit/V Epit(0.4T)-Epit(0T)

/V0 T 0.4 T 0 T 0.4 T 0 T 0.4 T

Al-3.0Mg-0.2Fe

1.5% -1.261 -1.157 0.104 6.070 3.690 -2.380 -0.773 -0.740 0.033

3.5% -1.240 1.214 0.026 10.301 8.586 -1.715 -0.841 -0.819 0.022

5.5% -1.173 -1.139 0.034 10.991 9.724 -1.267 -0.851 -0.832 0.019

Al-3.0Mg-1.0Fe

1.5% -1.099 -1.040 0.059 7.331 5.439 -1.892 -0.749 -0.715 0.034

3.5% -1.073 -1.017 0.056 8.408 7.170 -1.238 -0.805 -0.783 0.022

5.5% -1.053 -1.021 0.032 11.661 12.667 1.006 -0.811 -0.805 0.006

Fig.10 Surface morphologies of corroded Al-3.0Mg-0.2Fe alloy in 
NaCl solution in the absence of magnetic field and under a 
magnetic field with the strength of 0.4 T: (a1) 1.5% NaCl, 
0 T; (a2) 1.5% NaCl, 0.4 T; (b1) 3.5% NaCl, 0 T; (b2) 3.5% 
NaCl, 0.4 T; (c1) 5.5% NaCl, 0 T; (c2) 5.5% NaCl, 0.4 T

Fig.11 Surface morphologies of corroded Al-3.0Mg-1.0Fe alloy in 
NaCl solution in the absence of magnetic field and under a 
magnetic field with the strength of 0.4 T: (a1) 1.5% NaCl, 
0 T; (a2) 1.5% NaCl, 0.4 T; (b1) 3.5% NaCl, 0 T; (b2) 3.5% 
NaCl, 0.4 T; (c1) 5.5% NaCl, 0 T; (c2) 5.5% NaCl, 0.4 T
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icorr(0T) increase from -2.380 to -1.267 μA·cm-2. At a 
higher concentration of NaCl solution, magnetic field 
have a weaker inhibiting effect on the corrosion rate of 
Al-3.0Mg-0.2Fe alloy. 

The impact of magnetic field on the corrosion rate 
of Al-3.0Mg-1.0Fe alloys vary as the concentration 
of NaCl solution change. In NaCl solutions with the 
concentrations of 1.5wt% and 3.5wt%, the presence of 
magnetic field can reduce icorr and corrosion rate of the 
alloys. As NaCl concentration increase, the difference 
between icorr(0.4T) and icorr(0T) become smaller. The inhibit-
ing effect of magnetic field on corrosion rate decrease. 
In the NaCl solutions with the concentration of 5.5wt%, 
applying a magnetic field of 0.4 T can increase the icorr 
values. Therefore, the presence of a magnetic field in-
crease the corrosion rate of Al-3.0Mg-1.0RE alloys in 

5.5wt% NaCl solution. 
The addition of Fe into the alloys results in an ob-

vious increase in the amount and dimension of skeletal 
FeAl3 phases (cathode phase). FeAl3 phases act as cath-
ode phases, speed up the corrosion of aluminum matrix 
corrode themselves, and cause the destruction of the 
passivation films on the surface of alloys. Therefore, 
more areas of pitting corrosion appear. 

With the increase of NaCl concentration, more 
chloride ions move to the areas with more pitting 
corrosion. With the presence of a magnetic field, the 
movement of chloride ions is accelerated, and the dam-
age rate by chloride ions become fast. As a result, in 
high-concentration NaCl solution, applying a magnetic 
field of 0.4 T cause the Al-3.0Mg-1.0Fe alloy to cor-
rode faster.

Fig.12 Potentiodynamic polarization curves of Al-3.0 Mg-0.2Fe alloy (1) and Al-3.0 Mg-1.0Fe alloy (2) in NaCl solution in the absence of 
magnetic field and under a magnetic field with the strength of 0.4 T: (a) 1.5wt% NaCl; (b) 3.5wt% NaCl; (c) 5.5wt% NaCl
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4 Conclusions

a) As the NaCl concentration increased, the values 
of Ecorr and icorr of Al-3.0Mg-xRE/Fe alloys increased, 
while the value of Epit decreased. When Al-3.0Mg-xRE/
Fe alloys were immersed in the higher concentration 
NaCl solution, more and bigger pitting holes were pro-
duced on the surface of the alloys. The corrosion rate 
and pitting corrosion potential of Al-3.0Mg-xRE/Fe 
alloys were higher in the higher concentration of NaCl 
solution.

b) In the presence of magnetic fields, the pitting 
sensitivity and corrosion rate of Al-3.0Mg, Al-3.0Mg-
0.2RE, and Al-3.0Mg-0.2Fe alloys in NaCl solutions 
with concentrations of 1.5wt%, 3.5wt%, and 5.5wt% 
were lower. However, with the increase of NaCl con-
centration, the inhibiting effect of the magnetic field on 
pitting sensitivity and corrosion decreased.

c) The application of a magnetic field could lower 
down the pitting sensitivity and corrosion rate of Al-
3.0Mg-1.0RE and Al-3.0Mg-1.0Fe alloys in NaCl solu-
tions with the concentrations of 1.5wt% and 3.5wt%. 
However, the magnetic field could increase the cor-
rosion rate of the alloys in the NaCl solution with the 
concentration of 5.5wt%.
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