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Abstract: The heterogeneous structure of Al alloys renders them susceptible to localized corrosion 

due to the different electrochemical properties existing in the Al-rich solid solution matrix and 

secondary phase particles. The galvanic interactions between these two phases can result in pit 

formation either through dissolution of the particles or corrosion of the matrix adjacent to the 

particles. This detrimentally localized corrosion behavior is closely related to the corrosion 

properties of the particles and the Al-rich matrix. The comprehensive characterization of this 

behavior under various and varying conditions is critical to understanding the mechanism of pit 

formation, selecting appropriate inhibitors, and developing protection strategies. The corrosion 

properties (corrosion potential, pitting potential and corrosion rate) of both secondary phase 

particles and Al-solid solutions in Al alloys are summarized in this review, aiming to provide a 

database for corrosion research applicable to the localized corrosion of Al alloys. 

Keywords: Al alloys; Al-rich solid solution; secondary phase particles; corrosion potential; pitting 

potential; corrosion rate 

 

1. Introduction  

Alloying elements are added to aluminum to improve its mechanical properties such as the 

strength and toughness through precipitation strengthening and thermochemical processing [1,2]. 

The resulting microstructure in high-strength aluminum alloys is complex and includes both 

equilibrium and non-equilibrium phases [1,2]. Depending on the desired mechanical and corrosion 

properties, the total incorporated alloying elements can exceed 10% [1,2]. Common alloying elements 

include Cu, Si, Mg, Mn, Zn, and Li. Less common elements include deliberate additions including 

Ag, and Zr, and impurities such as Fe [1,3,4]. 

Since alloying elements in the bulk alloy are typically present in concentrations far exceeding 

their equilibrium solubility under solid conditions, exposure to elevated temperatures during 

solidification and heat treatment leads to the formation of precipitates and large constituent, leading 

to a heterogeneous structure [1,4–6]. The consequence of the heterogeneous structure is the presence 

of a mixture of several phases in the alloy including Al-rich matrix phase and many solute-rich 

secondary phase particles [7]. The formation of this heterogeneous structure degrades the original 

corrosion resistance that would arise from the homogeneous structure in which the alloying elements 

are in the solid solution.  

The compositions of secondary phase particles are complex. In fact, they may consist of several 

different phases, which sometimes cannot be accurately defined by a stoichiometric formula [8]. 

Commonly identified particles include, but are not limited to, Mg2Si, MgZn2, Al20Cu2Mn3, Al12Mn3Si, 

Al7Cu2Fe, Al2Cu, Al2CuMg, Al3Fe, Al12Mg2Cr, Al20Cu2Mn3, Al6Mn, Al3Ti, Al3Zr, Al3Ta, Mg2Al3, 

Al32Zn49, Al2CuLi, Al5CuLi, and Mg2Zn11 [1,3–5,9,10]. The size of these particles ranges from a few 
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angstroms to a few micrometers, and they are present in different shapes including spheres, needles, 

lathes, plates, and more [11]. Buchheit et al. examined the secondary phase particles larger than 

0.5~0.7 µm on AA2024-T3 and divided them into four categories [12]. The largest category included 

small and round Al2CuMg, which was found to constitute about 66.2% of the particles by number 

and around 2.7% of the total surface area. A recent study by Boag et al. showed that approximately 

40% of the total numbers of secondary phase particles are anodic relative to the surrounding matrix 

in AA 2024-T3 alloys, while the remaining 60% of particles are cathodic. The irregular “Al-Cu-Mn-Fe 

particles” comprised the second largest category and were defined as Al6(Cu, Fe, Mn). The third 

largest category contained Al-Cu-Fe type particles (Al7Cu2Fe). The final category was identified as 

Al-Cu-Mn, which is expressed as (Al, Cu)6Mn. A detailed analysis using the advanced energy 

dispersive X-ray spectroscopies reveals that the secondary phases usually mixed together, exhibiting 

multiphase particles and periphery phases around composite particles and clustering. The shape-

classification may not be accurate criteria to judge the corrosion role. For example, some Al7Cu2Fe 

particles show similar shape to Al2CuMg and Al2Cu, which are found to be indistinguishable in term 

of shape [8].  

The formation mechanism of these particles varies and the induced effects in mechanical 

improvement of the alloy are also different [1,4,11]. Alloying elements such as Cu, Zn, Mg, and Li 

generally have high solubility in Al at high temperature, and they form precipitates including Al2Cu, 

MgZn2, Mg2Al3, Al2Cu, Al2CuLi, Al2CuMg, Al6CuLi3 and Al32Zn49 during solidification or heat 

treatment. Impurities such as Fe, which can have a high concentration depending on the impurity 

level of the alloy, can combine with Cu and Al to form large irregular constituents during 

solidification, with the size ranging from fractions of a micrometer to 20 micrometers [12]. These large 

constituent particles are expected to be harmful to the corrosion resistance of Al alloys not only due 

to their electrochemical properties but also their size and alloy composition fraction. Some minor 

alloying elements such as Zr and Ti combines with Al to form fine dispersoids such as Al3Ti, Al3Zr, 

Al3Ta [11]. These particles can refine grains and control the recrystallization. Their effect on the 

corrosion behavior of alloys is negligible since their concentration is very low and the particles are 

very fine [11].  

Based on their electrochemical behavior, secondary phase particles can be divided into two 

groups: reactive particles with active elements (such as Mg, Li, and Zn) and noble particles with noble 

elements (such as Cu and Fe). When active alloying elements dominate a particle, they render the 

particle more active than the surrounding matrix, and these particles (or portions of these particles) 

subsequently dissolve as an anode. The induced localized corrosion results in deep pits [11]. For 

particles containing both active and noble elements, such as Al2CuMg, the active alloying elements 

dissolve leaving behind remnants with noble elements such as Cu. This is commonly referred to as 

dealloying corrosion as shown in Figure 1 [11–27]. Particles consisting primarily of noble elements 

generally possess a high corrosion potential, and act as a cathode to support the oxygen reduction 

reaction or hydrogen evolution. The adjacent matrix then dissolves at the matrix/particle interface, 

resulting in trenching morphology surrounding the particle as shown in Figure 2 [28–32]. However, 

the galvanic relations between the matrix and secondary phase particles may change with time and 

as environmental conditions are altered. For example, Al20Cu2Mn3 is a noble particle relative to the 

matrix, and its corrosion during exposure in NaCl solution at room temperature is minimal. However, 

it switches to an anode as temperature increases above 50 °C, with Al selectively corroding, showing 

a dealloying pattern commonly observed on Al2CuMg [33].  
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Figure 1. Schematic dealloying and subsequent trenching corrosion process of Al2CuMg in AA2024 

(a); and scanning electron microscope (SEM) images of resulted corrosion morphology after 1-hour 

exposure in aerated De-ionized water at 30 °C (b).  

  

Figure 2. Schematic trenching corrosion process of Al7Cu2Fe in AA2024-T3 (a); and SEM image of the 

resulted corrosion morphology after 1-hour exposure in De-ionized water at 30 °C (b).  

Almost all localized corrosion in aluminum alloys is closely related to secondary phase particles, 

and their electrochemical properties are strongly dependent on environmental conditions such as 

temperature, pH and chloride ion (Cl−) [11,17,33,34]. To have a full understanding of localized 

corrosion, it is necessary to have comprehensive electrochemical characterization of secondary phase 

particles under a variety of conditions. This will provide a deeper understanding about localized 

corrosion and an aid in the development of strategies to inhibit localized corrosion. Furthermore, 

these basic corrosion data can be used to simulate pit initiation and propagation. One very successful 

method for determining the corrosion characteristics of secondary phase particles is the 

electrochemical microcell method, which uses a small capillary filled with electrolyte, the tip of which 

permits electrochemical analysis of specific particles [11,35–40]. This method has been employed with 

both synthesized intermetallic compounds (IMCs) and/or actual alloy substrates [11,17,34,41–47]. 

Using recent literature, this paper aims to collect and summarize the electrochemical properties 

of secondary phase particles commonly found in Al alloys and Al-rich solid solutions. The corrosion 

potential, pitting potential and corrosion rates of Al-rich solid solutions and secondary phase 

particles under various conditions are summarized in Table 1.  

Table 1. Corrosion potential, pitting potential and corrosion current density of Al-rich solid solution 

and second phase particles.  

Stoichiometry Ecorr, VSCE Epit, VSCE 
icorr, 

μA/cm2 
Environment Reference 

Al 

−0.679 −0.545 N/A Aerated 0.01 M NaCl [11] 

−1.01 −0.56 1.5 0.5 M NaCl, pH 9.17 [48] 

−0.823 −0.610 3.9 Aerated 0.1 M NaCl [11] 

−0.849 −0.696 N/A Aerated 0.6 M NaCl [11] 

−0.823 −0.568 0.87 Aerated 0.1 M NaCl, 10 °C [49] 

Dissolution 

Trenching 

a) 

Al7Cu2Fe             
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−0.942 −0.637 1.09 Aerated 0.1 M NaCl, 30 °C [49] 

−0.99 −0.67 1.73 Aerated 0.1 M NaCl, 50 °C [49] 

−1.22 −0.673 1.65 Aerated 0.1 M NaCl, 70 °C [49] 

Al-1%Cu, solid 

solution 
−0.69 N/A N/A 

Aerated 5 wt. % NaCl, pH 

3.1–3.3 
[50] 

Al-2%Cu 

−0.813 −0.447 N/A Aerated 0.01 M NaCl [11] 

−0.672 −0.471 1.3 Aerated 0.1 M NaCl [11] 

−0.744 −0.529 N/A Aerated 0.6 M NaCl [11] 

Al-4%Cu 

−0.856 −0.389 0.94 Aerated 0.1 M NaCl, 10 °C [33] 

−0.894 −0.380 0.94 Aerated 0.1 M NaCl, 30 °C [33] 

−0.813 −0.400 1.08 Aerated 0.1 M NaCl, 50 °C [33] 

−0.784 −0.352 2.97 Aerated 0.1 M NaCl, 70 °C [33] 

−0.985 −0.458 0.31 
0.1 M NaCl + 4 mM CeCl3, 

30 °C 
[51] 

−0.950 −0.396 0.32 
0.1 M NaCl + 4 mM LaCl3, 

30 °C 
[42] 

−0.91 −0.45 0.22 
0.1 M NaCl + 4 mM PrCl3, 

30 °C 
[42] 

−0.877 −0.21 0.11 
0.1 M NaCl + 1 mM 

K2CrO4, 30 °C 
[42] 

−1.05 −0.307 0.46 
0.1 M NaCl + 4 mM CeCl3, 

50 °C 
[51] 

−1.05 −0.397 1.6 
0.1 M NaCl + 4 mM CeCl3, 

70 °C 
[51] 

−0.583~−0.589 N/A N/A 

De-aerated 1 M NaCl + 

1wt. %H2O2 + 0.1% proof 

stress 

[52] 

−0.762~−0.606 N/A N/A 

0.02 d to 10 day aging at 

170 °C, de-aerated 1 M 

NaCl + 1wt. %H2O2 + 0.1% 

proof stress 

[52] 

−1.18 a −0.6 N/A 0.1 M NaCl, pH 10 [52] 

−1.1 a −0.75~−0.69 N/A 
0.01 d to 10 day aging at 

170 °C, 0.1 M NaCl, pH 10 
[52] 

−0.87 −0.47 2.9 0.5 M NaCl, pH 9.17 [48] 

−1.18 −0.38 0.54 
0.5 M NaCl + 10 mM 

NaVO3, pH 9.17 
[48] 

−0.750 −0.418 N/A Aerated 0.01 M NaCl [11] 

−0.602 −0.406 2.3 Aerated 0.1 M NaCl [11] 

−0.642 −0.465 N/A Aerated 0.6 M NaCl [11] 

Al-xCu (x = 

0.011~8.15 wt. %) 
N/A −0.76~−0.649 a N/A 1 M NaCl, pH 10 [53] 

Al-3%Mg −0.78 N/A N/A 
Solid solution, aerated 5 

wt. % NaCl pH 3.1–3.3 
[50] 

Al-xMg (x = 0.01~4.51 

wt. %) 
N/A −0.758~−0.82a N/A 1 M NaCl, pH 10 [53] 

Al-1%Mn −0.73 N/A N/A 
Solid solution, aerated 5 

wt. % NaCl pH 3.1–3.3 
[50] 

Al-xMn (x = 0~2 

wt. %) 
−0.944~−0.812 a N/A N/A 

Solid solution, in 53 g/L 

NaCl + 3 g/L H2O2 
[54] 

Al-xMn (x = 0~2 

wt. %) 
−1.01~−1.14 a −0.70~−0.76 N/A De-aerated AlCl3, pH 2.5 [55] 

Al-xMn (x = 

0.011~4.94 wt. %) 
N/A −0.76~−0.718 a N/A 1 M NaCl, pH 10 [53] 

Al-0.1 Li, solid 

solution 
−1.067 −0.727 N/A 

Deaerated agitated 3.5% 

NaCl 
[56] 
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Al-2.85 Li (0.25~24 h 

aging at 200 °C) 
−1.13~−1.146 −0.692~−0.725 N/A 

Deaerated agitated 3.5% 

NaCl 
[56] 

Al-2.78Li-0.32 Mn, 

(0.25~336 h aging at 

200 °C) 

−1.193~−1.36 −0.693~−0.721 N/A 
Deaerated agitated 3.5% 

NaCl 
[56] 

Al-2.76Li-0.14Zr 

(0.25~336 h aging at 

200 °C) 

−1.61~−1.41 −0.765~−0.705 N/A 
Deaerated agitated 3.5% 

NaCl 
[56] 

Al-0.04Fe −0.76 N/A N/A 
Solid solution, aerated s 5 

wt. % NaCl pH 3.1–3.3 
[50] 

Al-xFe (x = 0.013~3.38 

wt. %) 
N/A −0.77~−0.758 a N/A 1 M NaCl, pH 10 [53] 

Al-xSi (x = 0.05~1.66 

wt. %) 
N/A −0.75~−0.7 a N/A 1 M NaCl, pH 10 [53] 

Al2Cu (θ) 

−0.592 −0.434 N/A Aerated 0.01 M NaCl [11] 

−0.665 −0.544 7.3 Aerated 0.1 M NaCl [11] 

−0.695 −0.652 N/A Aerated 0.6 M NaCl [11] 

−0.53 −0.42 4.9 Aerated 0.1 M NaCl, 30 °C [33,42]  

−0.57 −0.53 11 
0.1 M NaCl + 4 mM CeCl3, 

30 °C 
[42,51] 

−0.557 −0.467 0.9 
0.1 M NaCl + 4 mM CeCl3, 

50 °C 
[51] 

−0.578 −0.495 1.6 
0.1 M NaCl + 4 mM CeCl3, 

70 °C 
[51] 

−0.53 −0.5 13 
0.1 M NaCl + 4 mM PrCl3, 

30 °C 
[42] 

−0.55 −0.5 13 
0.1 M NaCl + 4 mM LaCl3, 

30 °C 
[42] 

−0.52 −0.33 0.13 
0.1 M NaCl + 1 mM 

K2CrO4, 30 °C 
[42] 

−0.45 No 1.82 0.1 M NaCl, 10 °C [33] 

−0.57 −0.43 8.35 0.1 M NaCl, 50 °C [33] 

−0.56 −0.487 27.4 0.1 M NaCl, 70 °C [33] 

−0.546 −0.458 −38 c 0.1 M NaCl, pH 2.5 [34] 

−0.665 −0.544 −41 c 0.1 M NaCl, pH 6 [34] 

−0.739 −0.408 −110 c 0.1 M NaCl, pH 10 [34] 

−0.743 −0.407 −38 c 0.1 M NaCl, pH 12.5 [34] 

−0.46 a N/A N/A 
Deaerated 0.5 M H2SO4, 

pH 0.4 
[57] 

−0.5 a N/A N/A 
Deaerated 0.5 M NaSO4 + 

0.005 H2SO4, pH 2.8 
[57] 

−0.68 a N/A N/A 
Deaerated 0.5 M Na2SO4, 

pH 7.7 
[57] 

−0.93 a N/A N/A 
Deaerated 0.5 M Na2SO4 + 

0.01 NaOH, pH 10.4 
[57] 

−1.16 a N/A N/A 
Deaerated 1 M NaOH, pH 

13.8 
[57] 

 

−0.625 No N/A De-aerated 1 M NaCl [52] 

−0.7 a N/A N/A Aerated 0.6 M NaCl [58] 

−0.65 a N/A N/A 0.51 M NaCl, pH 1.2 [58] 

−0.59 −0.44 13 0.5 M NaCl, pH 9.17 [48] 

−0.91 −0.34 4.5 
0.5 M NaCl + 10 mM 

NaVO3, pH 9.17 
[48] 

−0.405 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 6 
[31] 

−0.436 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 3 
[31] 
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−0.374 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 10 
[31] 

Al3Ta 

−0.346~−0.386 N/A N/A 

0.1 M C4H4O6 (pH 2), 0.1 

M H3BO4(pH 4.8), 0.1 M 

H3BO4 + 0.1M Na2B4O7 

(pH 6.9) 

[59] 

−0.82 N/A N/A 0.1M Na2B4O7 (pH 9.3) [59] 

−1.251 N/A N/A 
0.1M Na2B4O7 + 0.1 M 

NaOH (pH 12) 
[59] 

Al3Zr 

−0.752 −0.223 N/A Aerated 0.01 M NaCl [11] 

−0.776 −0.275 2.5 Aerated 0.1 M NaCl [11] 

−0.801 −0.346 N/A Aerated 0.6 M NaCl [11] 

Al3Ti 

−0.609 −0.139 N/A 
0.1 M NaCl + 1 mM 

K2CrO4, 30 °C 
[42] 

−0.620 −0.232 N/A Aerated 0.01 M NaCl [11] 

−0.603 −0.225 0.56 Aerated 0.1 M NaCl [11] 

−0.799 −0.646 N/A Aerated 0.6 M NaCl [11] 

Mg2Si 

−1.16 N/A 1.28 3.5% NaCl solution [60] 

−1.15 a N/A N/A Aerated 0.6 M NaCl [58] 

−1.4 a N/A N/A 0.51 M NaCl, pH 1.2 [58] 

−1.03 a −0.273 a N/A 0.01 M NaCl, pH 13 [61] 

−1.18 a No N/A 0.01 M NaCl, pH 6 [61] 

−1.23 a No N/A 0.01 M NaCl, pH 2 [61] 

−1.355 No N/A Aerated 0.01 M NaCl [11] 

−1.538 No 7.7 Aerated 0.1 M NaCl [11] 

−1.536 No N/A Aerated 0.6 M NaCl [11] 

−1.408 No 3400 c 0.1 M NaCl, pH 2.5 [34] 

−1.538 No 340 c 0.1 M NaCl, pH 6 [34] 

−1.43 No 960 c 0.1 M NaCl, pH 10 [34] 

−1.553 −0.951 50 c 0.1 M NaCl, pH 12.5 [34] 

Al2CuLi  

(T1 phase) 

−1.096 −0.723 
140~6.8 

a,b 
Aerated 0.6 M NaCl [62] 

−1.094 −0.756 N/A De-aerated 0.6 M NaCl [62] 

−0.803 N/A N/A ASTM G69 [62] 

−1.076 −0.73 102 3.5 wt. % NaCl [63] 

Al5(6) CuLi3 −1.228 −0.76 114 3.5 wt. % NaCl [63] 

Al32Zn49 

−1.009 No N/A Aerated 0.01 M NaCl [11] 

−1.004 No 14 Aerated 0.1 M NaCl [11] 

−1.063 No N/A Aerated 0.6 M NaCl [11] 

Al2CuMg  

(S phase) 

−0.95 a N/A N/A Aerated 0.6 M NaCl [58] 

−0.95 a N/A N/A 0.51 M NaCl, pH 1.2 [58] 

−0.92 −0.29 22 0.5 M NaCl, pH 9.17 [48] 

−1.06 −0.60 2.8 
0.5 M NaCl + 10 mM 

NaVO3, pH 9.17 
[48] 

−0.956 0.108 N/A Aerated 0.01 M NaCl [11,64] 

−0.883 0.080 2 Aerated 0.1 M NaCl [11] 

−1.061 0.135 N/A Aerated 0.6 M NaCl [11] 

−0.93 N/A N/A Aerated 0.5 M NaCl [21] 

−0.93 N/A N/A De-aerated 0.5 M NaCl [21] 

−0.750 No −20c 0.1 M NaCl, pH 2.5 [34] 

 

−0.883 0.08 ±10 c 0.1 M NaCl, pH 6 [34] 

−0.85 −0.39 ±1 c 0.1 M NaCl, pH 10 [34] 

−0.67 −0.35 −36 c 0.1 M NaCl, pH 12.5 [34] 

−0.86 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 6 
[31] 
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−0.87 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 3 
[31] 

−0.873 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 10 
[31] 

Mg2Al3  

(β phase) 

−1.225 No 102 0.01 M NaCl, pH 2 [65] 

−1.197 −0.88 a 2.3 0.01 M NaCl, pH 4 [65] 

−1.313 −0.9 a 2.4 0.01 M NaCl, pH 6 [65] 

−1.31 −0.85 a 1.2 0.01 M NaCl, pH 8 [65] 

−1.435 −0.9 a 9.6 0.01 M NaCl, pH 10 [65] 

−1.124 −0.818 N/A Aerated 0.01 M NaCl [11] 

−1.013 −0.846 4.8 Aerated 0.1 M NaCl [11] 

−1.162 −0.959 N/A Aerated 0.6 M NaCl [11] 

Mg2Al3 (powder) 
−1.43 N/A N/A 0.6 M NaCl [66] 

−1.39 N/A N/A 0.6 M KOH [66] 

Al6Mn0.6Fe0.3 −0.7 a N/A N/A De-aerated AlCl3, pH 2.5 [55] 

Al6Mn 

−1.059 a N/A −0.69 a De-aerated AlCl3, pH 2.5 [55] 

−0.839 −0.485 N/A Aerated 0.01 M NaCl [11] 

−0.779 −0.755 6.3 Aerated 0.1 M NaCl [11] 

−0.913 −0.778 N/A Aerated 0.6 M NaCl [11] 

AlFe3 

−0.605 0.11 N/A 
0 M KCl in aerated boric–

borate solution (pH 8.4) 
[67] 

−0.550 0.11 N/A 

0.1 M KCl in aerated 

boric–borate solution (pH 

8.4) 

[67] 

AlFe30.2Si 

−0.64 0.215 N/A 
0 M KCl in aerated boric–

borate solution (pH 8.4) 
[67] 

−0.585 0.215 N/A 

0.1 M KCl in aerated 

boric–borate solution (pH 

8.4) 

[67] 

AlFe30.2Ge 

−0.675 0.31 N/A 
0 M KCl in aerated boric–

borate solution (pH 8.4) 
[67] 

−0.62 0.31 N/A 

0.1 M KCl in aerated 

boric–borate solution (pH 

8.4) 

[67] 

Al3Fe 

−0.493 0.442 N/A Aerated 0.01 M NaCl [11] 

−0.539 0.106 2.1 Aerated 0.1 M NaCl [11] 

−0.566 −0.382 N/A Aerated 0.6 M NaCl [11] 

−0.834 N/A N/A De-aerated 1.0 M AlCl3 [68] 

−0.510 −0.050 −42 c 0.1 M NaCl, pH 2.5 [34] 

−0.539 0.106 −160 c 0.1 M NaCl, pH 6 [34] 

−0.408 0.04 −120 c 0.1 M NaCl, pH 10 [34] 

−0.23 0.55 −110 c 0.1 M NaCl, pH 12.5 [34] 

MgZn2 (η phase) 

−1.004 No 167 3.5 wt. % NaCl [69] 

−1.13 No 4.471 3.5 wt. % NaCl [70] 

−1.001 No N/A Aerated 0.01 M NaCl [11] 

−1.029 No 84 Aerated 0.1 M NaCl [11] 

−1.095 No N/A Aerated 0.6 M NaCl [11] 

−1.015 No 30.7 Neutral 3.5% NaCl [71] 

−1.007 N/A 120 c 0.1 M NaCl, pH 2.5 [34] 

−1.003 N/A 1000 c 0.1 M NaCl, pH 6 [34] 

−0.999 N/A 500 c 0.1 M NaCl, pH 10 [34] 

−1.012 N/A 480 c 0.1 M NaCl, pH 10 [34] 

Mg2Zn11 −1.13 No 1.608 3.5 wt. % NaCl [70] 

Al20Cu2Mn3 

−0.68 −0.44 1.7 0.5 M NaCl, pH 9.17 [48] 

−0.98 −0.22 7.9 
0.5 M NaCl + 10 mM 

NaVO3, pH 9.17 
[48] 

−0.550 −0.210 N/A Aerated 0.01 M NaCl [11] 
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−0.565 −0.428 0.34 Aerated 0.1 M NaCl [11] 

−0.617 −0.534 N/A Aerated 0.6 M NaCl [11] 

−0.742 −0.33 0.22 Aerated 0.1 M NaCl, 10 °C [33] 

−0.669 −0.366 0.55 Aerated 0.1 M NaCl, 30 °C [33] 

−0.792 −0.423 1.04 Aerated 0.1 M NaCl, 50 °C [33] 

−0.871 −0.385 1.34 Aerated 0.1 M NaCl, 70 °C [33] 

−0.636 −0.292 0.17 
0.1 M NaCl + 4 mM CeCl3, 

30 °C 
[51] 

−0.452 −0.242 0.08 
0.1 M NaCl + 4 mM LaCl3, 

30 °C 
[42] 

−0.519 −0.246 0.072 
0.1 M NaCl + 4 mM PrCl3, 

30 °C 
[42] 

−0.79 −0.208 0.022 
0.1 M NaCl + 1 mM 

K2CrO4, 30 °C 
[42] 

−0.924 −0.408 0.57 
0.1 M NaCl + 4 mM CeCl3, 

50 °C 
[51] 

−0.968 −0.465 0.42 
0.1 M NaCl + 4 mM CeCl3, 

70 °C 
[51] 

Au20Cu2(FeMn)3 

−0.334 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 6 
[31] 

−0.386 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 3 
[31] 

−0.327 a N/A N/A 
0.1 M Na2SO4 + 0.005 M 

NaCl, pH 10 
[31] 

Al7Cu2Fe 

−0.535 −0.451 −320 c 0.1 M NaCl, pH 2.5 [34] 

−0.551 −0.448 −420 c 0.1 M NaCl, pH 6 [34] 

−0.604 −0.42 −2400 c 0.1 M NaCl, pH 10 [34] 

−0.594 −0.41 −2600 c 0.1 M NaCl, pH 12.5 [34] 

−0.63 −0.38 5.8 0.5 M NaCl, pH 9.17 [48] 

−0.93 −0.14 1.2 
0.5 M NaCl + 10 mM 

NaVO3, pH 9.17 
[48] 

−0.549 −0.447 N/A Aerated 0.01 M NaCl [11] 

−0.551 −0.448 6.3 Aerated 0.1 M NaCl [11] 

−0.654 −0.580 N/A Aerated 0.6 M NaCl [11] 

−0.795 −0.397 0.27 Aerated 0.1 M NaCl, 10 °C [33] 

−0.695 −0.454 0.66 Aerated 0.1 M NaCl, 30 °C [33] 

−0.787 −0.430 1.04 Aerated 0.1 M NaCl, 50 °C [33] 

−0.785 −0.448 2.67 Aerated 0.1 M NaCl, 70 °C [33] 

−0.602 −0.301 0.15 
0.1 M NaCl + 4 mM CeCl3, 

30 °C 
[51] 

−0.661 −0.29 0.18 
0.1 M NaCl + 4 mM LaCl3, 

30 °C 
[42] 

−0.731 −0.371 0.97 
0.1 M NaCl + 4 mM PrCl3, 

30 °C 
[42] 

−0.874 −0.101 0.05 
0.1 M NaCl + 1 mM 

K2CrO4, 30 °C 
[42] 

−0.916 −0.456 1.4 
0.1 M NaCl + 4 mM CeCl3, 

50 °C 
[51] 

−1.09 −0.465 1.7 
0.1 M NaCl + 4 mM CeCl3, 

70 °C 
[51] 

a data is read from the figures in the reference; b pH varies from 3 to 11; c current density at a potential 

of −0.9 VSCE; N/A, data is not reported in the literature; No, not applicable. 

2. Electrochemical Properties of Al-Rich Solid Solutions 

2.1. Al-Cu Solid Solution  
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Cu is the main alloying element in 2xxx aluminum alloys. It increases mechanical strength 

through solid solution strengthening and precipitate hardening. The maximum solubility of Cu in Al 

is about 5 wt. % at 548 °C, but its solubility dramatically decreases as temperature decreases, enabling 

2xxx aluminum alloys to be heat-treatable alloys. Cu shows complex effects on the corrosion 

resistance of Al alloys, depending on its existing form in the alloy [1,2]. 

Dissolved Cu in an Al matrix provides an increase in corrosion resistance [72]. 

Thermodynamically, pure Al is classified as very active with a corrosion potential around −1.2 VSCE 

in 0.1 M NaCl [13]. However, in neutral aqueous solutions, an oxide film protects it. The corrosion 

potential of Al in 0.1 M NaCl solution increases from −1.2 to −0.9 VSCE by the addition of 4 wt. % Cu 

[13]. Addition of 5.2 wt. % Cu also increases the pitting potential, by about 200 mV. Kim et al. also 

reported an elevated pitting potential achieved by the addition of Cu in Al and attributed this to 

inhibition of metastable pitting [72]. Cu enrichment occurring on the surface during potentiostatic 

and cyclic polarization (without damaging the passive film) enhances the noble behavior [73]. Plots 

of the pitting potential of Al-4Cu and Al-0.2Cu solid solutions vs. NaCl concentration (0.01 M~5 M) 

under de-aerated conditions can be described by the following equations, respectively [74]:  

E (Al-4Cu) = −0.881 − 0.046 log[NaCl] VSCE (1) 

E (Al-0.2Cu) = −0.101 − 0.073 log[NaCl] VSCE (2) 

The pitting potential of Al-Cu solid solution shifted from −0.759 to −0.648 VSCE as the 

concentration of Cu increased from 0.011 wt. % to 8.15 wt. % in 1 M NaCl solution (pH 10) [53]. In 

this work, the microstructure also included secondary phase Al2Cu. 

However, Ramgopal and Frankel proposed that the addition of Cu has an effect on dissolution 

kinetics [75]. They found that the exchange current density slightly increased with the addition of Cu, 

and the Tafel slope increased even more. This resulted in a higher surface overpotential, shifting the 

pitting potential to more positive values. It was found that the Cu did not affect the first stage of 

repassivation of metastable pitting but tended to extend the second stage as a result of a slower mass 

transportation rate. This phenomenon was attributed to Cu accumulation on the surface.  

Cu combines with Al and other elements to form secondary particle during solidification and 

heat treatment, and the induced heterogeneous structure causes the alloy to be susceptible to 

localized corrosion. For example, when θ″ precipitation predominates in an Al-Cu alloy, aging for a 

certain time decreases the pitting potential [76]. Upon application of 0.1% proof stress without aging, 

the corrosion potential of Al-Cu in 1 M NaCl + 1 wt. % H2O2 exhibited very little change (−0.583 to 

−0.589 VSCE) [52]. The potential drop is attributed to the decrease in the concentration of dissolved Cu 

[53]. Furthermore, Cu depletion at the grain boundary also increases the pitting susceptibility. The 

pitting potential of Al-4%Cu at grain boundaries and within grains is dependent on the chloride 

concentration (pH = 10), and the relationship can be described by Equations (3) and (4), respectively 

[52]:  

E (grain boundary) = −0.98 − 0.085 log[Cl−] VSCE (3) 

E (with grain) = −0.86 − 0.065 log[Cl−] VSCE (4) 

In addition to a decrease in pitting resistance, the galvanic interaction between Al2Cu and 

adjacent matrix can also lead to localized trenching corrosion. Al2Cu possesses a higher corrosion 

potential than the matrix, and acts as a cathode in localized galvanic corrosion, supporting oxygen 

reduction. These reactions increase the local pH near Al2Cu, induce selective dissolution of Al in the 

adjacent matrix, and cause the formation of Cu nanoparticles [77]. Then, the Cu-rich matrix becomes 

noble relative to the remote matrix. This leads to galvanic corrosion of matrix areas that are remote 

from the original particles [78]. Hence, the presence of Cu in IMC particles is detrimental to corrosion 

resistance, while Cu dissolved in the matrix is beneficial. However, compared to other elements such 

as Fe, Mn, Mg and Si, Cu is less harmful with regard to pit formation and pitting dissolution (in 5.25% 

NaCl + 2.98% H2O2 solution) [53].  

2.2. Al-Mn Solid Solution  
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Mn is the main alloying element in 3xxx alloys, but it is also added in 7xxx alloys to improve the 

ultimate yield strength and fatigue toughness without harming ductility [79]. The addition of Mn in 

Al does not adversely affect the corrosion properties. This is generally attributed to the similar 

electrochemical properties of Al6Mn precipitates to Al. A 4.94 wt. % Mn addition, which exists 

primarily in the form of secondary particles, slightly increases the pitting potential of Al by around 

40 mV in 1 M NaCl solution (pH 10) [53]. Furthermore, dissolved Mn (2 wt. %) also shifts the corrosion 

potential positively by 132 mV in 53 g/L NaCl + 3 g/L H2O2 [54], which is consistent with data reported 

by Reding and Newport [80]. It was also reported that the detrimental effect on corrosion resistance 

arising from Fe impurities can be alleviated by increasing the Mn concentration. This is attributed to 

increased Mn in Fe-containing particles, which suppresses oxygen reduction reactions on these 

cathodic particles [81].  

2.3. Al-Si Solid Solution 

Si is the main alloying element in 4xxx and 6xxx alloys. It can reduce melting temperature and 

improve fluidity. Although Si possesses a higher corrosion potential than the matrix by a few 

hundred mV, its effect on the corrosion properties of these alloys is negligible due to its low ability 

to support cathodic reactions even at a high level of polarization [82,83]. For example, a 1.66 wt. % Si 

addition in Al-Si binary alloys only slightly increases the pitting potential by around 60 mV in 1 M 

NaCl solution at pH 10 [53]. 

2.4. Al-Mg Solid Solution  

Mg is the main alloying element in 5xxx aluminum alloys and it can increase the strength 

through solid solution strengthening and precipitate strengthening, without detrimental effects on 

corrosion resistance. Slightly negligible effects on pitting potential are observed when its 

concentration is high. The pitting potential of Al-Mg solid solution (less than 0.51 wt. % Mg) in 1 M 

NaCl solution (pH 10) is around −0.76 VSCE, but it is decreased by 60 mV as the Mg concentration is 

increased to 4.51 wt. %. The Mg concentration in commercial alloys ranges from 0.5 wt. % to 6 wt. %. 

Inappropriate heat treatment can lead to the formation of a continuous network of Mg2Al3 at grain 

boundaries and Mg depletion, making the alloys susceptible to stress corrosion cracking [84,85].  

2.5. Al-Zn Solid Solution 

Zn is the main alloying element in 7xxx Al alloys with typical concentrations of about 5–6 wt. %. 

Zn may also be present in other alloys as an acceptable impurity element. The addition of Zn into Al 

decreases the corrosion potential. For example, a decrease of more than 200 mV was found with 4 

wt. % Zn addition in a 53 g/L NaCl + 3 g/L H2O2 solution [54]. Furthermore, the corrosion rate of Al-

Zn alloys also increases with increasing Zn concentration. For example, in a 144 h free corrosion test 

in 1 M H2SO4, the corrosion rate is increased by more than 7 times as Zn concentration increases from 

1 wt. % to 2 wt. % [86]. This high increase in corrosion kinetics elevates the susceptibility to stress 

corrosion cracking [87]. However, some studies show that Zn improves resistance to stress corrosion 

cracking in Al-Mg alloys by increasing the heterogeneity and eliminating the continuity of Mg2Al3 

precipitates at the grain boundary [88]. 

3. Electrochemical Properties of Secondary Phase Particles  

3.1. Mg/Li-Containing Particles 

Mg2Si— 

Mg2Si is a common precipitate in 6xxx Al alloys. Mg2Si possesses a lower corrosion potential 

than the matrix and, therefore, corrodes as an anode during localized galvanic corrosion with the 

cathodic matrix. Notably, though, the selective dissolution of Mg leads to Si enrichment on the 

surface, revealing an incongruent dissolution morphology, thereby reversing the particle to a cathode 

and resulting in the subsequent anodic dissolution of surrounding matrix [60,61]. However, owing 
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to the low catalytic ability of Si to support cathodic reactions, the induced corrosion is expected to be 

low [82,83]. Mg2Si preferentially precipitates at grain boundaries by heterogeneous nucleation 

processes, but these precipitates are less harmful with regards to intergranular corrosion cracking 

than particles containing other noble alloying elements such as Cu [82].  

Mg2Al3— 

Mg2Al3 precipitates are commonly found in 5xxx Al alloys. Their formation at grain boundaries 

can lead to intergranular corrosion cracking, referred to as sensitization. This sensitization arises from 

the active electrochemical properties of Mg2Al3, which is active relative to the matrix. Mg2Al3 also 

passivates but with a relatively large current density (0.1 mA/cm2). The pitting potential of these 

precipitates is generally lower than the corrosion potential of 5XXX alloys. This leads to a significant 

dissolution of Mg2Al3 during alloy exposure in aqueous solutions, and results in the formation of pits. 

These corrosion behaviors are detrimental to stress corrosion cracking resistance [89], especially if 

continuous Mg2Al3 particles form at grain boundaries due to inappropriate heat treatment or service 

conditions. Furthermore, Mg depletion at grain boundaries because of Mg2Al3 precipitates also 

degrades the corrosion resistance of these alloys. 

Al2CuMg— 

Al2CuMg is a spherical particle formed during solidification or aging and is very active, and 

only Al2CuMg corrodes when AA2024-T3 alloy is exposed to 0.5 M NaCl for 30 min [24]. The open 

circuit potential of Al2CuMg in 0.5 M NaCl is about −0.93 VSCE, and it is independent of the solution 

aeration [21]. The low potential indicates Al2CuMg is more active than the matrix, and corrodes. 

However, the corrosion morphology shows corrosion also occurs on the adjacent matrix [12]. It is 

suggested that Al2CuMg initially dissolve as an anode by the selective dissolution of Mg and Al, 

leaving a Cu-rich layer with a porous structure. The dealloying kinetics is accelerated at high 

temperature in NaCl solution, as revealed by fluctuations observed during open circuit 

measurements [33]. Cu enrichment on the IMC surface leads to an increase in its corrosion potential, 

which can be higher than the open circuit value of the matrix, thus reversing the galvanic relationship 

between Al2CuMg and the matrix. However, the remnants are frequently not stable because of high 

local surface area and can also be physically released from the substrate. Although the potential value 

at unreleased particles is much lower than typical reversible potential values for Cu redox processes, 

released particles can be oxidized by dissolved oxygen in water [22]. The curvature of these particles 

can have a strong effect on their electrochemical properties. The effect on the corrosion potential is 

described by the following equation [22,77]: 

𝐸𝐶𝑢
" = 𝐸Cu −

2γCuΩCu
𝑛𝐹𝑟

 (5) 

Where γCu is surface energy (J/cm2), ΩCu is the volume of per molar Cu (7.1 cm3/mol), r is the radius 

of curvature (cm), ECu is the equilibrium potential of Cu (V), n is the charge of the ion number of 

equivalents of charge per mole of reactant, F is Faraday’s constant (96,500 C/equiv).  

The redistribution behavior of the enriched Cu particles is of interest. One possibility is 

detachment from the original site. Solution movement can enhance detachment and additionally 

result in relocation of the particle as it is caught up in the movement of the surrounding voluminous 

corrosion products. After oxidation by dissolved O2 in the solution, Cu ions can be reduced and 

deposited on the surrounding matrix, which is also detected on Al-Cu-Mn-Fe particles [90]. These 

two kinds of Cu, detached Cu clusters and redeposited Cu, trigger secondary pitting in the matrix 

[22]. 

Cu-rich remnants are good cathodic sites for the oxygen reduction reaction, even more efficient 

than pure Cu, Al and Mg [21]. No individual or combination of those three elements supported the 

measured high oxygen reduction reaction on the Cu-rich remnants observed in NaCl solutions. 

Buchheit attributes this to the remnants’ spongy structure and large surface area arising from the 
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selective corrosion of Al and Mg [21]. Scully suggests the enhanced reaction is due to Cu clusters in 

the Al oxide film, which improves the conductivity of the Al oxide film [32].  

Al2CuLi— 

Similar to Al2CuMg, Al2CuLi is an active particle due to the presence of Li, and has a low 

corrosion potential of −1.096 VSCE in NaCl solution. This value decreases further with increasing pH. 

Al2CuLi acts as an anode relative to the matrix. Its corrosion rate is lowered by a factor of about 25 as 

pH increases from 3 to 11 [62]. Its corrosion behavior is similar to that of Al2CuMg: it initially corrodes 

as an anode through selective dissolution of Li, and then switches to cathodic behavior, inducing 

corrosion of the surrounding matrix [23,62,63,71].  

MgZn2— 

MgZn2 is a common precipitate in 7xxx alloys. Its corrosion potential is about −1 VSCE, which is 

much lower than the corrosion potential of 7xxx alloys. Therefore, MgZn2 corrodes as an anode 

relative to the matrix, and Mg selectively dissolves in the early stages and migrates to the surface, 

forming a thick magnesium hydroxycarbonate film which passivates the surface [10,91,92]. Metallic 

Zn mixed with Mg oxides are found under this film. Unlike the dealloying of Al2CuMg, the corroded 

MgZn2 remains active due to Zn enrichment on the surface. However, the alloy corrosion kinetics 

decreases with the formation of the film.  

3.2. Cu-Containing Particles 

Al2Cu— 

Al2Cu is a fine and hardening phase formed during aging or heat treatment with a fraction of 

about 5.4% in the particle population in AA2014-T3 [93]. Recent work shows they also demonstrate 

a spherical shape, making them indistinguishable from the Al2CuMg [8]. Its corrosion potential is 

−0.565 VSCE in aerated 0.1M NaCl solution [11]. This value is slightly more positive in 0.005 M NaCl + 

0.1 M Na2SO4 solution (about −0.4 VSCE) [32]. Still, its corrosion potential is higher than that of the 

matrix and it is expected to play a cathodic role in localized corrosion processes. Al2Cu is an efficient 

cathodic site which supports the oxygen reduction reaction due to the presence of Cu [74,94], and the 

reaction kinetics is independent of pH [29,34,39]. However, the absence of Fe and Mn (which also 

facilitate the oxygen reduction reaction) results in Al2Cu having a lower reaction efficiency than 

Al7Cu2Fe and Al20Cu2Mn3 [95].  

The pitting potential of Al2Cu as a function of Cl− concentration in de-aerated NaCl solution can 

be described by the following equation [74]:  

E = −0.885 − 0.055 log[NaCl] VSCE (6) 

Al2Cu corrodes by selective dissolution of Al during exposure to neutral NaCl. Cu may also 

dissolve during anodic polarization, but the generated oxidized Cu can be reduced when the applied 

potential is lower than the equilibrium potential of metallic Cu [57]. These Cu ions can deposit on the 

bulk sample, and induce corrosion on the surrounding bare matrix. It is suggested that Cu 

redistribution and enrichment arising from this phenomenon are dominated by Al2Cu (and Al2CuMg) 

dissolution during the initial stages of exposure [96]. However, Vukmirovic reported that deposited 

Cu ions are from Al2CuMg, not from Al2Cu [97]. The selective dissolution of Al was also explored to 

fabricate Cu catalysts with high surface areas. For example, porous Cu (RaneyTM Cu) with a high 

surface area can be obtained by immersing Al2Cu in 6 M NaOH at 274K [98].  

Al7Cu2Fe— 

Al7Cu2Fe is one kind of irregular constituent compound and comprises about 6.8% of particles 

by number [93]. The mean equivalent diameter of these particles is 1.7 µm and the number density is 

220/mm2. During cold working, these particles often break and align into bands parallel to the rolling 

direction. Al7Cu2Fe has a corrosion potential of about −550 mVSCE in 0.1 M NaCl, which decreases 

with increasing chloride concentration [11]. Its noble corrosion potential relative to the matrix 
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demonstrates its cathodic role in localized corrosion. Furthermore, it supports oxygen reduction at a 

rate higher than Al2Cu and Al20Cu2Mn3 [39]. This behavior is attributed to the presence of Fe, which 

is an effective cathodic site for the oxygen reduction reaction [99]. It was also found that its ability to 

support oxygen reduction increases with increasing pH [39]. Circumferential pitting commonly 

occurs at the matrix adjacent to this particle, resulting in a ‘trenching’ morphology. These localized 

pits are possible stress concentration sites and can initiate cracks [100].  

Al20Cu2Mn3— 

Al20Cu2Mn3 is a common, fine rod-shaped dispersoid with a homogeneous distribution in the 

matrix. The corrosion potential of Al20Cu2Mn3 in 0.1 M Na2SO4 +0.1 M NaCl is about −0.5 VSCE [29], 

and it was slightly lower (−0.565 VSCE) in 0.1 M NaCl alone [11]. Like Al7Cu2Fe, it also acts as a cathode 

because of its relatively more positive corrosion potential relative to the surrounding matrix. 

Furthermore, it shows enhanced oxygen reduction reaction kinetics when compared to pure 

aluminum. This is attributed to Cu clusters present in the Al oxide film on the particle surface, which 

increases the conduction of electrons through the oxide film [29]. Ilevbare and Scully reported the 

impedance of Al20Cu2(MnFe)3 in NaCl and Na2SO4 solution is high, indicating that these compounds 

are resistant to self-dissolution, while Al2CuMg has a relatively lower impedance and is prone to 

active dissolution [32]. This was also observed by Leblanc and Frankel using atomic force microscopy 

(AFM) [24], which showed no localized corrosion at Al-Cu-Mn-Fe particles but significant attack at 

Al2CuMg after exposure to 0.5 M NaCl solution. These particles were identified using Scanning 

Kelvin probe force microscopy, and related to the corrosion morphology obtained using AFM.  

3.3. Fe/Ti/Zr/Ta-Containing Particles  

Al3Fe— 

Iron is a main impurity element in 1xxx Al alloys and it generally combines with Al to form 

Al3Fe due to its extremely low solubility in Al [1,4]. Fe accelerates pit formation compared to other 

binary alloying elements (Mg, Mn, Si, Cu), when the concentration is higher than 0.6 wt. % [53]. Al3Fe 

induces corrosion of the surrounding matrix acting as a cathode due to its high corrosion potential 

relative to the Al-rich matrix and is, therefore, detrimental to the corrosion resistance of these alloys 

[11]. The effect of this galvanic corrosion is attributed to its good catalytic ability to support oxygen 

reduction reactions and hydrogen evolution [101]. However, incorporation of Mn in Fe-containing 

particles can alleviate galvanic interactions by decreasing the potential difference between the 

particles and the matrix [81]. A study by Rosalbino et al. shows that the addition of Si and Ge in Al-

Fe particles (AlFe3) improves passivation properties and increases pitting resistance [67].  

Al3Ta/Al3Zr/Al3Ti— 

Owing to its higher corrosion potential, Al3Ta acts as a cathode relative to the surrounding Al-

solid solution matrix, thereby inducing dissolution of the surrounding matrix [59]. The presence of 

Ta makes the electrochemical properties of Al3Ta much different than those dissolved in pure Al, 

improving the catalytic ability to support the oxygen reduction reaction and hydrogen evolution 

reactions. This is attributed to a diminished oxide film and enrichment of Ta (conductive Ta2O5) on 

the surface [102]. However, the cathodic kinetics on Al3Ta and Al3Zr particles are much slower than 

those on Al2Cu and Al7Cu2Fe [11,39,59,102], and the induced corrosion of adjacent matrix is negligible. 

Ta also suppresses the passive current density due to the formation of stable Ta2O5 at pH values less 

than 12. The electrochemical behaviors of Al3Zr and Al3Ti are similar to Al3Ta [102]. It is also notable 

that only very small amounts of Zr, Ta and Ti are found in these alloys and the particle size that 

includes these elements is nano-scale. Their effects on the corrosion resistance of alloys are not 

substantial.  

4. Research Outlook on Localized Galvanic Corrosion Arising between an Al-Rich Matrix and 

Particles 
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Galvanic corrosion is a crucial issue in the localized corrosion of aluminum alloys, which arises 

from the heterogeneous microstructure of these alloys. Pitting as a result of galvanic reactions can be 

initiation sites for cracks, leading to a failure. Extensive studies have been conducted to investigate 

the electrochemical properties of secondary phase particles under different conditions using the 

microcell method [11,17,34,42]. Electrochemical characterization can be employed to elucidate the 

mechanism of localized corrosion, analyze the driving force of corrosion and investigate the oxygen 

reduction reaction kinetics on cathodic sites. However, the evolution of surface conditions, as 

galvanic corrosion proceeds, leads to significant changes in the corrosion properties of cathodic and 

anodic regions and the associated corrosion kinetics. The corrosion process cannot be fully 

demonstrated from corrosion measurements on a single compound. Therefore, a direct galvanic 

corrosion study is necessary to provide supplementary corrosion information for better interpreting 

localized corrosion. Furthermore, galvanic corrosion data can also provide experimental validation 

for galvanic corrosion simulation.  

Most work about galvanic corrosion is conducted using dissimilar metals which are connected 

via mechanical ‘bonding’ or through wires [103,104]. The mechanically ‘bonded’ samples are 

obtained through rolling or other mechanical methods. However, questions arise about the 

possibility of a gap between the two ‘bonded’ metal blocks described in such work. Any gap between 

the metal blocks that allows water molecules to penetrate will induce crevice corrosion. The 

importance of understanding interfacial energy at the interface of secondary phase particles and the 

alloy matrix makes wire-bonded samples inappropriate for studying galvanic corrosion in alloys.  

Diffusion couples, which are fabricated using two dissimilar metals subjected to a heat process, 

can be employed to study galvanic corrosion between secondary phase particles and the alloy matrix. 

Diffusion couples can consist of IMCs adjacent to a solid solution matrix [105–107] and can serve as 

a model of the heterogeneous microstructure of an alloy. The size of a fabricated matrix with IMCs is 

typically a few hundred micrometers depending on the heat treatment time and temperature. The 

diffusion-controlled formation eliminates the gap between IMCs and the matrix, which excludes the 

influence of crevice corrosion. Electrochemical tests and monitoring of corrosion morphology 

evolution can then be performed using these fabricated couples. This method provides an easy way 

to simulate the heterogeneous structure of metallic alloys and study the electrochemical interactions 

between particles and the alloy matrix. Diffusion couples also avoid the problem of crevice corrosion 

associated with other methods and they provide comprehensive and accurate corrosion data for 

galvanic corrosion studies. This electrochemical characterization data can be used to analyze 

corrosion mechanisms and provide guidance on corrosion mitigation. It can also illustrate the 

corrosion behavior of heterogeneous structures and can guide alloy development. Additionally, 

interactions between inhibitors and galvanic couples provide a direct evaluation of inhibition 

performance on localized galvanic corrosion, and can be used to quickly screen inhibitors for 

corrosion mitigation. Furthermore, the corrosion morphology examined in this type of work can 

serve as experimental validation for galvanic corrosion modeling.  

5. Summary 

The heterogeneous structure of Al alloys can increase their mechanical strength but also render 

them susceptible to the localized corrosion due to the different electrochemical properties between 

an Al-rich matrix and secondary phase particles. The galvanic interactions rely on their 

electrochemical properties, which are strongly dependent on the surrounding environment, and are 

also key to understand pit formation. The electrochemical characteristics collected on synthesized 

alloy ingots or on single phase samples, using electrochemical microcell methods, are summarized 

and reviewed in this work. However, as mentioned above, the corrosion behavior of some particles 

such as Al2CuMg can be complex, and care should be taken because experimental parameters can 

also affect the result. Therefore, the data reported in the literature may not be applicable under certain 

environmental conditions and should be used with caution. Although extensive studies have been 

undertaken to characterize corrosion properties, as shown in Table 1, presenting the data in a form 

that is complete and useable can be very challenging [108], and will require further work.  
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