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 An irreversible electrochemical reaction from material interaction with the 
environment and causing degradation is known as corrosion. The electrolyte changes 
significantly affect the corrosion's reaction kinetics. Unknown factors and various 
notable factors influence the corrosion rate of a particular material in the 
environmental system. Significant interest in magnetic fields and their effects on 
electrochemical reactions have recently been gained. This paper studies the effect of an 
external magnetic field on the electrochemical oxidation of Aluminum (Al) in a 3,5% 
NaCl solution. The magnetic field 0; 0,8; 1,4; and 2,1 Tesla were used to expose the 
samples during corrosion testing. We found that the effect of a magnetic field on 
electrochemical oxidation shifts the oxidation potential to higher or lower than the 
oxidation potential without a magnetic field. Moreover, the oxidation potential's value 
depends on the magnetic field's intensity. 
 
Keywords: Corrosion, Magnetic Field, Aluminum, Electrochemical Oxidation 
 

 

1. INTRODUCTION  
An irreversible electrochemical process that causes 
the degradation of a material due to its interaction 
with the environment is known as corrosion. As the 
environment is like an electrolyte, the electrolyte 
changes significantly affect the corrosion reaction 
kinetics [1,2].    

In the corrosion process, ions and electrons are 
involved between the anode and the cathode. This 
process occurs due to potential differences in the 
environment/ materials interface. During metal 
corrosion in a solution, anodic dissolution and 
reduction of oxidants are present in the solution. 
Anodic reaction involved in the electrochemical 
test is,  
 
              (1) 

 

Five possible cathodic reduction reactions and 
its reduction potential versus standard calomel 
electrode (SCE) is, 
 

2H2O + 2e-   H2(g) + 2OH-
(aq) 

Eo
red = -0,632 V 

vs SCE 
(2) 

2H+ + 2e-   H2(g)  
 

(3) 

O2(g) + 2H2O + 4e-     4 OH-
(aq) 

 
(4) 

O2(g) + 4H+ + 4e-  2 H2O   (5) 

Mn+ + ne-   M  (6) 

 
The redox reactions equation above rate 

involves the movement of electrons and ions 
equivalent to electric currents. The biggest 
challenge in most industries is Corrosion control. 
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Unknown factors and various notable factors 
influence the corrosion rate of a particular material 
to the environmental system. The Magnetic field's 
effect on electrochemical reactions has recently 
gained interest. 

Magnetic fields may affect electrochemical 
reactions, such as mass transport rates, for metallic 
materials in aqueous solutions [3–7]. Numerous 
reports have also been published on the effects of 
magnetic fields, such as the electron transfer 
process in solution-electrode systems [8–11]. 

The most probable effect of a magnetic field on 
an electrochemical reaction system is the 
introduction of additional forces on the ions in the 
electrolyte solution [12–15]. Lorentz force driven 
known as MHD (Magnetohydrodynamics) is one 
the most discussed generally accepted. the recent 
studied and most documented research in respect 
to the magnetic field effects of on the 
electrochemical behaviour of metals and their 
alloys are Lorentz force, paramagnetic gradient 
force, and forces driven convection 

Therefore, the effect of a material subjected to 
an aggressive environment under a magnetic field 
can be expected compared to the corrosion rate 
when it is not affected by a magnetic field [16–18]. 
The shifting corrosion potential value may also be 
expected when comparing the influence of a 
magnetic field and a free magnetic field condition, 
which supports the result of the previous research 
[19–21]. 

This paper studies how an external magnetic 
field affects the electrochemical oxidation of 
Aluminium (Al) materials under 3,5 % NaCl 
solution. The magnetic field 0; 0,8; 1,4; and 2,1 
Tesla were used to expose the samples during 
corrosion testing. 

 
2. METHODOLOGY  
2.1. Materials 
Pure aluminum (99,9%wt) from the commercial 
product was used for the corrosion test. The 
samples have a diameter of 1 x 1 cm2 and a 
thickness of 1 mm. The surfaces were polished 
before the electrochemical oxidation test in 3,5% 
NaCl solution. Magnetic permanent with various 
magnetic field intensities was used 0; 0,8; 1,4; and 
2,2 Tesla. The samples were named Al-0T, Al-1T, 
Al-2T, and Al-3T, respectively. The permanent 
magnetic material was placed on one side of the 
sample's surface. The magnetic field is applied 
perpendicularly across the sample surface. 
  
2.2. Linear Sweep Voltametry (LSV) 
We used A potentiostat (DY2311, Digi-Ivy), and the 
LSV method was used to test the corrosion 

behavior of the samples. The curve current versus 
potential was obtained from the experiment. The 
experiment was carried out at room temperature. 
Three-electrode systems were used to carry out the 
LSV measurement of the samples in a glass 
containing 250 mL of 3,5 % NaCl. We used a 10 
mV∙s–1 scan rate between -2 volt and 0 volt to an 
exposed surface area of 1×1 cm, and the magnetic 
permanent was placed behind the exposed sample.  

An electrode silver chloride (Ag/AgCl) was used 
as a reference electrode, and platinum was used as 
the counter electrode. The testing was obtained 
with and without the influence of an external field 
of 0; 0,8; 1,4; and 2,2 Tesla. The samples were 
named Al-0T, Al-1T, Al-2T, and Al-3T, respectively. 

The resulted data were used to study and 
analyze the corrosion behavior. Comparing the 
result of both conditions depicts the effect of an 
external field on the corrosion potential and 
current. 
 
3. RESULTS AND DISCUSSION 
3.1. X-ray diffraction 
The X-ray diffraction pattern in Figure 1 shows the 
relation between intensity and the diffraction 
angle. It describes the crystal planes of the 
materials. The peak position corresponds to the 
distance between each crystal plane.  
 

Table 1. Crystal parameter for all samples. 

Parameters Al-0 Al-1 Al-2 

Crystallite System Cubic Cubic Cubic 

a=b=c (Angstrom) 4,05 4,05 4,05 

Volume (Angstrom) 66,41 66,38 66,38 

 
Figure 1 shows the cubic face center of Aluminum 
phases detected for all samples. The crystal 
parameter of those crystallite structures can be 
seen in Table 1. The differences among the samples 
are the height intensity and the position of the 
shifting peaks. That shifting might come from the 
surface stress due to the aluminum atom on the 
surface reacting with the environment, such as 
dissolved oxygen or a hydroxyl ion.  

As oxygen is a paramagnetic species, a magnetic 
field's presence might affect the kinetic reaction. 
The presence of reaction product on the sample 
might influence the surface stress or strain 
detected by x-ray diffraction. Figure 1 shows the x-
ray diffraction pattern of the samples. The peak 
height and position change as the magnetic field 
intensity change (Figure 1 and Figure 2, 
respectively). It shows that the peaks shift to the 
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right and then back to the left as the magnetic 
intensity increase. 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 1. X-ray diffraction pattern of a) Al-0T, b) Al-1T, 
c) Al-2T, and d) Al-3T. 

 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 2. The height intensity and peaks position of a). 
peak (111), b) peak (002), c) peak (022), and d) Peak 

(113).  
 

Figure 2 describes the change in peak height and 
shift in peak position due to magnetic field during 
corrosion testing. The change in peak height looks 
significantly different at the crystal plane (111). 
The height of the three rest of the peaks did not 
seem different. The change in peak height is usually 
accompanied by the change in Full width at half 
maximum (FWHM). Since the crystallite size 
depends on FWHM, the crystallite size and micro-
strain were changing. This condition can be seen in 
the parameter shifts in the crystal planes to the 
micro-strain values shown in Table 2. 
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Table 2. Crystallite size and micro-strain of 

each crystal plane for all samples. 

Crystal plane Sampel 
plane 

(111) 

plane 

(002) 

plane 

(022) 

plane 

(113) 

 

Crystallite size 
 (nm) 

Al-0 125 79 88 60 

Al-1 81,5 62 86 48 

Al-2 101 81 94 61 

Al-3 64 56 59 41 

 

Micro-strain 
 

Al-0 0,09 0,13 0,08 0,10 

Al-1 0,14 0,16 0,08 0,13 

Al-2 0,11 0,13 0,07 0,10 

Al-3 0,18 0,18 0,12 0,15 

 
3.2. Linear Sweep Voltametry (LSV) 

Figure 3 shows the Tafel plot of the samples. 
Tafel plot describes the oxidation potential and its 
related current. The Tafel plot was obtained from 
the relation of the current versus potential. In the 
Tafel plot, the log current versus potential. 
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Figure 3. Tafel plot of the samples showing how the 
magnetic field affects the oxidation potential. 

 
Increasing the magnetic field intensity shifts the 

oxidation potential to the higher potential and then 
back to the lower potential. The value of the 
oxidation potential and its current are shown in 
Table 3. Colum 3 of Table 3 shows the resistance 
decrease markedly from 86,8 x 103 ohm to 1,36 x 
103 ohm. Besides the oxidation potential and its 
current, the passivation region looks strongly 
influenced by the presence of the magnetic field. 
Table 3 also shows the change in oxidation 
potential, and its current strongly corresponds to 
the change in magnetic field intensity. 
 

Table 3. Ecorr, Icorr and Resistance of the 
samples. 

Samples 
Ecorr 
(Volt) 

Icorr 
(10-5A) 

R 
(103 ohm) 

Al-0T -1,011 2,98 86,3 
Al-1T -0,809 1,58 1,63 
Al-2T -0,811 1,88 1,36 
Al-3T -0,952 1,51 1,70 

From the literature, the magnetic field effects of 
the metals corrosion behavior are still debatable. 
Several authors have published that magnetic fields 
decrease the oxidation potential of metals [6,7].  
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Figure 4. The Tafel plot of each samples showing the 
drastically change of the passivation region of a). 

peak (111), b) peak (002), c) peak (022), and d) Peak 
(113). 

 
Figure 4 shows the magnetic field intensity 

changes the significant value of the passivation 
region; by increasing the magnetic field intensity, 
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the passive region change and then back again. 
These results agree with other research showing 
that the oxidation potential increases and 
decreases as the magnetic field intensity increases. 
The change in the value depends on the value of the 
magnetic field intensity. 
 
4. CONCLUSION 
This study shows that the magnetic field effect on 
electrochemical oxidation shifts the oxidation 
potential to higher or lower than the oxidation 
potential without a magnetic field. The oxidation 
potential's value depends on the magnetic field's 
intensity. The crystallite size and microstrain tend 
to change as the magnetic field increase. The x-ray 
diffraction peaks shift due to exposure to different 
magnetic field intensities. 
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