
The PDP results (Graph 1) showed little difference in the polarization 
behavior of the samples, however LN143 exhibited a slightly slower 
cathodic reaction. While the EIS results were highly variable, they 
suggest that greater Nd content may correlate to lower corrosion 
resistance. The EIS results of Li et al. (2017) showed that their Mg-14Li 
alloy had increasing corrosion resistance over time. The results in this
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study, including the first trial LN145 tests (Graph 2), indicate a decrease 
in corrosion resistance over time, as shown by the impedance loops 
getting smaller. Additionally, among all the samples and trials, many 
loops featured a bend, including the 30-min loop shown in Graph 2. 
While notable, the interpretation of these bends is “controversial and 
uncertain” (Feliu, 2020).
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Magnesium-lithium (Mg-Li) alloys are the lightest alloys that can be 
feasibly produced. For reference, the alloy Mg-14Li is about a sixth of 
the weight of steel. Such ultra-lightweight alloys have several 
applications, most notably in aerospace and transportation technologies 
by reducing fuel use. However, the poor corrosion resistance of Mg 
prevents the use of Mg alloys from becoming widespread. The corrosion 
resistance of an alloy is heavily influenced by its composition, so 
research is often focused on adding new elements to existing alloys. The 
purpose of this study was to examine the electrochemical corrosion 
properties of Mg-Li alloys with added neodymium (Nd).

Surface corrosion is caused by an electrochemical reaction, which can 
be modeled with a circuit. This reaction is comprised of two half-
reactions: an anodic, and a cathodic. The rates of these reactions vary 
with potential difference (voltage), which is the force of the charges 
moving through the circuit. Additionally, as a sample corrodes, a 
corrosion product layer builds up, which can slow the corrosion rate. The 
rates of the corrosion reactions were assessed with potentiodynamic 
polarization (PDP) and the protectiveness of the corrosion product layer 
was assessed with electrochemical impedance spectroscopy (EIS).

Table 1 displays the compositions of the three alloys tested in this 
study. Testing was done in a cell using a standard three-electrode setup 
(Figure 1). After each sample was sanded with 600-grit silicon carbide 
sandpaper and polished with ethanol, it was clamped into the cell so that 
a 1 cm2 area of the polished face was on the inside. After that, the cell

was filled with 0.6 M sodium chloride (NaCl) solution. The reference 
electrode was then added, and the electrodes were connected to the 
potentiostat. With this setup, current flows through the sample, NaCl 
solution, counter electrode, and potentiostat, forming a circuit. In a PDP 
test, the potentiostat pushes the potential of the sample in the positive 
direction (to induce the anodic reaction) or in the negative direction (to 
induce the cathodic reaction) and measures the current density, which is 
directly related to the corrosion rate. In an EIS test, the potentiostat uses 
alternating current (as opposed to the direct current used in PDP) and 
measures values of impedance at different frequencies (impedance is the 
resistance to alternating current).

Before PDP or EIS could be performed, the sample first had to sit 
undisturbed in the cell so that it could reach a stable potential, called 
open circuit potential (OCP). Before all PDP tests, the samples sat at 
open circuit for 30 min. The EIS testing involved the samples sitting at 
open circuit for different lengths of time (30 min, 90 min, or 4 hr) to 
show the differences in the protectiveness of the product layer that 
formed over time. Three trials were performed for each test.

Through electrochemical testing, the corrosion properties of three 
Mg-Li-Nd alloys were studied. Based on the polarization behavior of the 
alloys, it seems that their corrosion mechanisms are similar. While the 
EIS data lacked consistency, they often showed corrosion resistance 
decreasing over time and with increasing Nd content. It appears that the 
addition of Nd negatively impacts the corrosion properties of Mg-Li 
alloys. Future studies could (1) compare these results to those of binary 
Mg-14Li, (2) repeat EIS testing to improve consistency and assign a 
circuit model, and (3) perform non-electrochemical tests such as 
hydrogen collection and mass loss to obtain average corrosion rates.
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Figure 1 (left): The 
testing setup. The 
potentiostat was a 
Gamry Reference 
600. The reference 
electrode was 
silver/silver chloride 
(Ag/AgCl). Tests 
were set up and data 
were collected using 
Gamry Framework 
software.

Graph 2 (above): The EIS data for the first trial LN145 tests, shown here to illustrate 
results counter to what would be expected of corrosion-resistant alloys such as Mg-14Li. 
Impedance (Z) is represented as a complex number (a number in the form z = x + yi); the 
real component is the x-axis and the imaginary component is the y-axis.
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Graph 1 (above): The PDP data for the alloys. The collected data were very consistent, so 
each polarization curve is represented by data from one test. The y-axis is the potential 
difference between the sample and the Ag/AgCl reference electrode.
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Chemical compositions of the alloys (wt. %)
Element Li Nd Mg
LN141 14 1.0 85
LN143 14 3.0 83
LN145 14 5.0 81

Table 1 (left): Chemical 
compositions of LN141, 
LN143, and LN145. Cast and 
processed alloys were created; 
only the processed alloys were 
tested in this study.
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