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The microstructure and pitting corrosion of 2A12 aluminum alloy abraded in one-direction with 

abrasive paper of various grit numbers were investigated. Statistical analysis indicated that abrasion 

can alter surface roughness and induce partial dissolution of intermetallic particles. The 

electrochemical inhomogeneity resulted from intermetallic particles and roughness had significantly 

impact on pitting corrosion of 2A12 aluminum alloy. All the samples underwent pitting corrosion, 

while surface layer dissolution (except pitting) was not observed. The enhanced density, higher area 

friction and bigger size of Al2CuMg particles (S-phase) on the rougher surface made it more 

susceptible to pitting. 
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1. INTRODUCTION 

2A12 aluminum alloy is a kind of Al-Cu-Mg alloy, and widely used in aircraft industry, 

because of its low density and high specific strength [1-5]. Due to the reactive nature of aluminum and 

magnesium, the corrosion resistance of 2A12 alloy has attracted much attention [6-9]. Generally, 2A12 

aluminum alloy exhibited good corrosion resistance to general corrosion, which is attributed to the 

oxide film. However, it is liable to undergo localized corrosion such as pitting, intergranular corrosion 

and exfoliation corrosion [7-9]. Ascribed to the difficulty in detection and prediction, a small narrow 

pit could result in failure of an entire engineering system. Potentiodynamic and potentiostatic 

polarization are powerful techniques for investigation of pitting. Pitting potential (Epit) and sometimes 

breakdown potential obtained by potentiodynamic polarization are most commonly used to evaluate 

pitting susceptibility, whereas Epit fails to quantify the number and size of pits (stable and metastable) 
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[10-14]. Potentiostatic polarization can provide quantitative and mechanistic information by 

measureable current transients associated with pit initiation, propagation and repassivation [10-15]. 

The initial stages of corrosion are strongly associated with surface conditions [14-18]. During 

many industrial processes such as rolling, machining and grinding, the surface undergoes severe plastic 

deformation (SPD), which resulted in formation of deformed surface layer (DSL). The microstructure 

and microchemistry of DSL on aluminium alloys are often different from those of bulk matrix in terms 

of grain size, intermetallic particle distribution and oxide inclusions [16-26]. For example, hot and cold 

rolling could induce a significant microstructure refinement in DSL [18-21]. Thompson [18] and 

Nisancioglu [19] revealed that SPD in rolled surface layer promoted fine dispersion of intermetallics 

during subsequent heat treatment. Formation of nano-sized sub-grains with the redistribution of 

alloying elements was observed in the DSL with thickness of several hundred nanometers [16, 17, 25, 

26]. The redistribution of alloying elements was resulted in dissolution and crush of precipitates during 

abrasion [16, 17, 25, 26]. 

It is generally accepted that the corrosion behavior of aluminum alloys is closely related to the 

electrochemical inhomogeneity resulted from intermetallic precipitates and roughness [5-8, 12, 27-31]. 

For instance, Hughes [30] revealed that the electrochemical activity difference between the matrix and 

S-phase could induce the formation of a stable pit. Grilli [29] reported that the pitting attack 

concentrated at the Al matrix adjacent to Al-Cu-Mn-Fe particles, and revealed that S-phase acted as 

pitting initiation sites in 2219 alloy. By altering the microstructure and microchemistry of DSL, SPD 

shows strong impact on corrosion behavior of aluminium alloys. The enhanced density of intermetallic 

particles in the surface layer generated during rolling made the rolled aluminium alloys susceptible to 

superficial corrosion [19-21]. Potentiodynamic polarization tests of a rolled Al-Fe-Si-Mn alloy 

revealed that both the anodic and cathodic reactivity of the deformed surface layer of a rolled 

aluminum alloy were significantly higher than those of the bulk alloy [21]. By in situ observation 

during polarization of AA7075 aluminum alloys, Frankel [26] found that two breakdown potentials 

were associated with dissolution of active surface layer and localized corrosion. With grit number 

increasing, potentiodynamic polarization tests revealed the DSL became less susceptible to pitting 

[16]. Furthermore, due to the higher Cu content, the DSL on overaged 2A12 alloy exhibited slightly 

decreased the pitting susceptibility compared to the underlying matrix [17].However, the roughness 

and DSL caused by surface abrasion on 2A12 aluminum alloy and corresponding corrosion behavior 

have barely been reported. Additionally, to our best knowledge, there are few literatures focus on 

statistical analyses of intermetallic precipitates and the quantitative investigation of pits (number and 

size of stable and metastable pits) in aluminium alloys with different surface roughness created by 

abrasion. 

In this study, the samples of 2A12 aluminum alloy were manually abraded with abrasive paper 

of various grit numbers to obtain different surface roughness. The effect of surface abrasion on the 

pitting corrosion of 2A12 aluminum alloy was evaluated by electrochemical methods including 

potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) measurements and 

potentiostatic polarization. The intermetallic particles in DSL, current transients (metastable pitting) 

and stables pits were statistically analyzed. 
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2. EXPERIMENTAL 

2.1 Sample preparation 

2A12 aluminum alloy rolled plate with thickness of 60 mm was used in this work. The samples 

were obtained by cutting from an area near one- sixth in reference to the plate thickness. The abrasion 

of the samples was carried out in one-direction using stationary silicon carbide papers with girt number 

of 600, 2000 and 5000. To minimize corrosion, ethyl alcohol was used during surface abrasion. The 

samples were then cleaned ultrasonically in acetone and ethyl alcohol, respectively and dried by warm 

flowing air. 

 

2.2 Microstructure measurements 

The surface roughness of sanded samples was examined perpendicular to the abrasion direction 

with a scan length of 5mm using surface texture measuring instrument (Marsurf M300C, Germany). 

The microstructure of sanded samples was studied by field-emission scanning electron microscope 

(SEM; JEOL 7500, Japan) equipped with energy dispersive X-ray spectroscopy (EDS; INCA 

PentaFETx3, Britain). The size and number of intermetallic precipitates from low magnification 

images and high magnification images were statistically analyzed using ImageJ software. 

 

2.3 Electrochemical tests 

The electrochemical tests were performed on an electrochemical workstation (AUTALAB 

PGSTAT 302N) using a classical three-electrode configuration, which comprises a platinum sheet as 

the counter electrode, a saturated calomel electrode (SCE) as the reference electrode and the sanded 

samples as the working electrode. All of the electrochemical tests were carried out in borate-buffered 

solution (pH=7.2) containing 0.0001M NaCl. 

The samples with surface area of 1 cm
2
 were employed for potentiodynamic polarization and 

EIS measurements. Potentiodynamic polarization measurements were performed by changing the 

electrode potential from 200 mV below the open circuit potential (OCP) into positive direction at a 

scan rate of 1mV∙s
-1

 until the anodic current density reached 0.1 mA∙cm
-2

. Tafel extrapolation was 

employed to analyze the polarization data. The EIS measurements were carried out using a 10 mV AC 

stimulus signal in the frequency range from 100 kHz to 10 mHz. The EIS spectra were fitted by using 

ZSimpWin software.  

In consideration of the background noise current and surface grooves, 1 mm diameter samples 

were used in potentiostatic polarization for current transient measurements. The current signal was 

recorded at a frequency of 1000 Hz with 1000 s polarization duration at 100 mV below the Epit. In 

order to estimate the stable pits, the sanded samples with exposed surface area of 1 cm
2
 were polarized 

at the Epit with 3600 s polarization duration. The morphologies of stable pits were examined by SEM 

and optical microscope. Statistical analysis of the pits size was performed using optical 
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microphotographs. In order to ensure reproducibility, the measurements were performed at least in 

triplicate. 

 

 

 

3. RESULTS 

3.1 Surface roughness 

The surface morphologies of 2A12 aluminum alloy abraded with abrasive paper of 600 grit, 

2000 grit and 5000 grit in one-direction are presented in Fig. 1.  

 

 
 

Figure 1. Secondary electron SEM images of 2A12 aluminum alloy abraded with abrasive papers of (a) 

600 grit, (b) 2000 grit and (c) 5000 grit. 

 

 
 

Figure 2. The surface profiles of 2A12 aluminum alloy abraded with abrasive papers of (a) 600 grit, (b) 

2000 grit and (c) 5000 grit. 

 

Regularly oriented grooves and elongated ridges were observed on the surface of the sanded 

samples. Their appearance was attributed to removal of material, which was evidence of SPD. The 

surface roughness measurements were carried out perpendicular to the abrasion direction, from which 

the surface profiles were obtained, as shown in Fig. 2. With increasing grit number from 600 to 5000, 

ascribed to the decrease in the average particle size of abrasive papers, the depth and width of the 

grooves decreased. This meant that the increase of grit number resulted in a smoother surface, i.e. 

whereas the decrease of girt number would result in a rougher surface. The average roughness 
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parameter (Ra) of samples abraded with abrasive papers of 600 grit, 2000 grit and 5000 grit were 0.918 

μm, 0.277 μm and 0.082 μm, respectively. As expected, there was a trend that Ra decreased with 

increasing grit number from 600 to 5000. 

 

3.2 Microstructure of sanded samples 

 
 

Figure 3. Backscattered electron SEM images of 2A12 aluminum alloy abraded with abrasive papers 

of (a) 600 grit, (b) 2000 grit and (c) 5000 grit; (d)EDS results of point A, point B and point C . 

 

The backscattered electron SEM images of 2A12 aluminum alloy abraded with abrasive paper 

of different grit numbers are presented in Fig. 3. The white contrast speckles implied the presence of 

intermetallic particles which were rich in heavy elements. The EDS spectra (Fig. 3d) showed high 

intensity of Al, Cu, Mg, indicating that the intermetallic particles are S-phase. The average 

composition of the intermetallic particles was 60% Al, 18% Cu, 22% Mg (by atoms). 

Considering the size of intermetallic particles, 30 low magnification (×200) images and 10 high 

magnification (×5000) images were used to statistically analyze the size and density of intermetallic 

particles for each kind of sanded samples. The size distribution of intermetallic particles is shown in 

Fig. 4. Detail statistical data of intermetallic particles are listed in Table 1. The average particle size in 

2A12 aluminum alloy abraded with abrasive papers of 600 grit, 2000 grit and 5000 grit were 778 nm, 

636 nm and 554 nm, respectively. Similarly, the area fraction of intermetallic particles in 2A12 
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aluminum alloy abraded with abrasive papers of 600 grit, 2000 grit and 5000 grit were 0.386%, 

0.245% and 0.119%, respectively. The average size of intermetallic particles decreased with increasing 

grit number from 600 to 5000. Besides, the area fraction and population density of intermetallic 

particles had the same trend as the average particle size.  

 

Table 1. Statistical data of intermetallic particles in 2A12 aluminum alloy abraded with abrasive paper 

of various grit numbers. 

 

Grit number Density (count∙μm
-2

) Area fraction (%) Average particle size (μm) 

600 0.00136 0.386 0.778 

2000 0.00096 0.245 0.636 

5000 0.00064 0.119 0.554 

 

 

 
 

Figure 4. Intermetallic particle size distribution histograms in 2A12 aluminum alloy abraded with 

abrasive papers of (a) 600 grit, (b) 2000 grit and (c) 5000 grit. 

 

The change in density and average size of intermetallic particles might be attributed to the 

dissolution and crush of intermetallic particles associated with dislocation motion induced by SPD. 

Accompanied by temperature rise, the shear strain destroyed fine particles and damaged large ones. 

Consequently, large intermetallic particles might break into smaller particles and small particles might 

be partially eliminated. In fact, the strain-induced dissolution of precipitates involved two processes: 

the dissolution and reformation of precipitates [32-35]. The dislocation shearing event dissolved the 

precipitates and drove the solute atoms into solution. If there was sufficient time before the next 

shearing dislocation arrives, the solute atoms could diffuse back to the precipitate, which resulted in 

recovery of precipitates. With increase of grit number, the removal of material and the intervals 

between dislocation shearing events decreased, i.e. the smoother surface layer underwent more 

dislocation shearing events with shorter intervals. The dislocation segregated the solute atoms which 

retarded the reformation of precipitates. Accordingly, with increasing grit number from 600 to 5000, 

more intermetallic particles were dissolved. Therefore, compared to the smoother surface, the rougher 

surface contained more S-phase with relatively bigger size. Similar phenomena were observed in 

surface layer of aluminium alloys during rolling and abrasion [32-35]. 
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3.3 Potentiodynamic polarization tests 

The potentiodynamic polarization curves of the sanded samples after 30 min immersion in 

borate-buffered 0.0001 M NaCl solution are presented in Fig. 5. The polarization curves had a similar 

shape, which indicated that all the samples went through the same corrosion reactions. One obvious 

breakdown potential, Epit, exhibited in all the curves of samples abraded with abrasive papers of 600 

grit, 200grit and 5000grit. The Epit was found to be much higher than the corrosion potential (Ecorr), 

which indicated that all of the sanded samples exhibited passivation behavior and showed clear passive 

ranges. With increasing grit number from 600 to 5000, a shift in Ecorr and Epit to more noble values was 

detected, while the shift in Epit (about 200mV) was relatively larger than that in Ecorr (about 86 mV). 

Therefore, with increasing grit number from 600 to 5000, the passive ranges of 2A12 aluminum alloy 

increased. 

 

 
 

Figure 5. Potentiodynamic polarization curves of 2A12 aluminum alloy abraded with abrasive paper 

of various grit numbers. 

 

Within the over-potential range from tens to a hundred millivolts relative to the Ecorr, the log 

current density increased linearly with applied over-potential i.e., Tafel-type behavior. Therefore, Tafel 

extrapolation was employed to analyze the polarization curves. The relevant results are summarized in 

Table 2. With increasing grit number from 600 to 5000, the Ecorr increased about 86 mV, and the 

corrosion current density (icorr) decreased, implying a smaller corrosion susceptibility of the smoother 

surface. The mean values of anodic Tafel slope (ba) were between 143 mV∙dec
-1

 and 161 mV∙dec
-1

, 
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which were much higher than the value of 20-30 mV∙dec
-1

 caused by Al oxidation to Al
3+

, and this 

might be attributed to the passivation of alloys [12, 28]. The mean values of cathodic Tafel slope (bc) 

were much higher than the value of cathodic reaction controlled by oxygen reduction (about 120 

mV∙dec
-1

) [36-39].  

 

Table 2. Tafel extrapolation results and Epit of potentiodynamic polarization curves of 2A12 aluminum 

alloy abraded with abrasive paper of various grit numbers. 

 

Grit number ba (mV∙dec
-1

) bc (mV∙dec
-1

) Icorr (μA∙cm
2
) Ecorr (mV) Epit(mV) 

600 143±12.7 241±11.4 2.14±0.20 -910±18.0 -283±37.2 

2000 156±15.3 269±4.2 1.11±0.63 -896±8.7 -212±14.0 

5000 161±6.2 270±2.4 0.86±0.04 -824±18.3 -83±8.1 

 

Since the test solution was aerated, the main cathodic reaction was still oxygen reduction. The 

potentiodynamic polarization tests pronounced that the smoother surface had lower corrosion 

susceptibility and better passivation performance compared to the rougher surface. 

 

3.4 EIS measurements 

The Nyquist and Bode plots of sanded samples after 3 h immersion in borate-buffered 0.0001 

M NaCl solution are presented in Fig. 6.  

 

 
 

Figure 6. Nyquist plots (a) and corresponding Bode plots (b) of 2A12 aluminum alloy abraded with 

abrasive paper of various grit numbers. 

 

The Nyquist plot showed similar depressed features. At high frequency range, all the EIS 

spectra exhibited a capacitive arc, indicating the presence of the passive film. Moreover, the capacitive 

arcs at intermediate frequencies were probably associated with pitting corrosion processes (metastable 

and stable). In addition, all the EIS spectra presented an inductive arc at low frequency range. In fact, 
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the origin of inductive features of electrochemical impedance was rather complicated. Generally, the 

presence of inductive features was associated with the surface relaxation process or absorption of 

intermediate corrosion product [2, 38, 40, 41]. In metal corrosion, the inductive features were often 

related to the weakening process of oxide film and corrosion induced by anodic dissolution of metals. 

Thus, the presence of inductive features manifested that all of the sanded samples underwent pitting 

corrosion after 3 h immersion. With increasing grit number from 600 to 5000, the increased radius of 

Nyquist loop revealed that the smoother surface had a better pitting corrosion resistance. 

 

 
 

Figure 7. Equivalent circuit used to fit the EIS tests data, Rs is solution resistance, Qf represents the 

CPE associated with the origin surface capacitance, Rf is the resistance of passive film, Qdl 

represents the CPE associated with interfacial capacitance, Rct is the charge transfer resistance, 

Rl and L are pseudo resistance and inductance. 

 

In order to quantitatively estimate the pitting corrosion of 2A12 aluminum alloy abraded with 

abrasive paper of different grit numbers, the equivalent electrical circuit was adopted to fit the EIS 

spectra. The equivalent electrical circuit used in this study is presented in Fig. 7. In this equivalent 

electrical circuit, Rs is the electrolyte solution resistance; Qf represents the constant phase element 

(CPE) associated with the origin surface capacitance at high frequency range; Rf is the resistance of 

passive film and corrosion products covered upon the pitting site; Qdl represents the CPE associated 

with interfacial capacitance of the new interface originated from pitting at low frequency range; Rct is 

the charge transfer resistance at active corroded surface, which is parallel to the Qdl in low frequency 

range; Rl and L are pseudo resistance and inductance associated with breakdown of the passive film 

attacked by corrosive ions at low frequency range.  

 

Table 3. Fitted value of in equivalent circuit of 2A12 aluminum alloy abraded with abrasive paper of 

various grit numbers. 

 

Grit number Rhf (Ω·cm
2
) Rct (kΩ·cm

2
) 

600 188.3±9.9 27.6±1.29 

2000 247.1±19.6 40.9±1.31 

5000 343.8±27.8 47.5±6.84 
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Table 3 presents the fitted values of Rf and Rct in equivalent electrical circuit. Both the values of 

Rf and Rct increased with the increase of grit number. Firstly, the value of Rf was much smaller than 

that of passive film on aluminum alloys [8, 42]. As the parallel resistance of passive film and corrosion 

products on pit site, the value of Rf was determined by the smaller one. In this study, the value of Rf 

was determined by the resistance on pit site. Thus, as evidenced by the increased Rf, the air-formed 

passive film on the smoother surface had a better corrosion resistance than that formed on the rougher 

surface, which might be attributed to the less pits number and the smaller corroded area on the 

smoother surface. Moreover, since the increased Rct indicated a higher resistance to active dissolution. 

The EIS tests demonstrated that the smoother surface showed lower pitting susceptibility and slower 

pitting propagation rate. 

 

3.5 Metastable pits 

 
 

Figure 8. Current signatures obtained during potentiostatic polarization of 2A12 aluminum alloy 

abraded with abrasive paper of various grit numbers. 

 

In order to estimate the metastable pitting, the potentiostatic polarization was performed on 1 

mm diameter electrode at 100mV below the Epit for 2A12 aluminum alloy abraded with abrasive 

papers of 600 grit, 2000 grit and 5000 grit. Featured current signatures obtained during potentiostatic 

polarization are presented in Fig. 8. Current transients could be detected superimposed on the 

background passive currents for all of the three kinds of electrodes. The current transients were mainly 

caused by initiation, propagation and repassivation of metastable pits. The current transient with 

anodic peaks and those with cathodic peaks were termed as anodic current transients and cathodic 

current transients. For the cathodic current transients, Burstein [43] revealed that their appearance 

could be attributed to the accelerated hydrogen evolution from Fe rich pit nucleation site. In this study, 

the cathodic current transients should be associated with the electron consuming reactions took place 

on S-phase [11, 29]. 
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Figure 9. Anodic current transients obtained during potentiostatic polarization of 2A12 aluminum 

alloy abraded with abrasive papers of (a) 600 grit, (b) 2000 grit and (c) 5000 grit. 

 

 
 

Figure 10. Cathodic current transients obtained during potentiostatic polarization of 2A12 aluminum 

alloy abraded with abrasive papers of (a) 600 grit, (b) 2000 grit and (c) 5000 grit. 

 

Table 4. Statistical data of current transients in 2A12 aluminum alloy abraded with abrasive paper of 

different grit numbers. 

 

Grit number Ca Cc ΔIa (nA) ΔIc (nA) Δta (ms) Δtc (ms) 

600 142±24.2 111±32.4 32.2±20.7 35.5±22.0 43.5±36.5 39.8±22.9 

2000 51±17.9 22±11.6 30.0±23.1 35.0±15.0 29.1±23.1 28.9±11.1 

5000 10±2.1 7±2.8 25.7±11.6 8.1±2.3 25.7±8.2 28.2±8.3 

*
Ca and Cc are the counts of anodic and cathodic current transients, respectively; ΔIa and ΔIc are the 

average peak value of anodic and cathodic current transients, respectively; Δta and Δtc are average 

lifetime of anodic and cathodic current transients, respectively. 

 

Detail views of the representative anodic and cathodic current transients are illustrated in Fig. 9 

and 10, respectively. Both single peak and multiple peaks could be detected in anodic current 

transients, some of which exhibited a rapid rise in current and a relatively slow decay process, while 

others showed a sudden decay. These features were similar to those reported on aluminium alloy [11, 

12, 43-45]. The sudden rise in current should be associated with the breakdown of passive film, and 

the followed current decay was associated with repassivation. For the multiple current peaks, they 

were probably caused by the initiation of several metastable pits at the same time or the changes of 

anolyte chemistry in one pit [45-47]. Similar to anodic current transients, the cathodic current 
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transients showed a sudden decay in current and followed by a rapid rise or slow rise. Obvious single 

peak could be found in some cathodic current transients, while others presented multiple cathodic 

peaks, which may be attributed to several cathodic reactions happening at the same time [12, 45]. 

Moreover, mixed current transients could also be found, seen in Fig. 9b and c. Their appearances were 

associated with the competition of the electron generation (metal dissolution) and consumption 

(hydrogen evolution or oxygen reduction) in the nucleated site [11]. 

Statistical data of the current transients are listed in Table 4. The frequency of anodic and 

cathodic current transients increased remarkably with the decrease of grit number, indicating that 

metastable pitting events occurred more frequently on the rougher surface. Furthermore, as the grit 

number increasing, the average peak value and average lifetime of anodic and cathodic current 

transients decreased significantly. This implied that the intensity of metastable pitting events increased 

as the grit number increasing from 600 to 5000. Compared to the smoother surface, though polarized at 

lower potential, the rougher surface exhibited more and larger current transients (anodic and cathodic), 

indicating metastable pitting events occurred more frequently and with greater intensity on the rougher 

surface. Current transient measurements revealed that metastable pits could initiate more easily and 

with bigger size on rougher surface. 

 

3.6 Stable pits 

 
 

Figure 11. Morphologies of stable pits generated on 2A12 aluminum alloy abraded with abrasive 

papers of (a) 600 girt, (b) 2000 girt and (c) 5000 girt. 

 

In order to evaluate the stable pitting of 2A12 aluminum alloy abraded to different grit 

numbers, the electrodes with surface area of 1cm
2
 were potentiostatic polarized at Epit with 3600s 

duration. Prior to corrosion area measurement, the corroded samples were ultrasonically cleaned in a 

mixture of 50 mL phosphoric + 20 g chromium trioxide + 950 mL deionized water and in pure water. 

Fig. 11 presents the morphologies of the pits on 2A12 aluminum alloy abraded to 600 grit, 2000 grit 

and 5000 grit. All of the sanded samples underwent pitting corrosion. Due to the corrosion of 

intermetallic particles and/or surrounding matrix, more speckles occurred on the rougher surface. 

Besides, surface layer dissolution (except pitting) was not observed for 2A12 aluminum alloy abraded 

with abrasive papers of 600 grit, 2000 grit and 5000 grit. Compared to the smoother surface, the 

rougher surface exhibited more and larger pits, indicating that pits could initiate more easily on the 

rougher surface. 
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For better evaluating the pitting on sanded samples, the pits mouth area was statistical 

analyzed. Fig. 12 shows the pits area distribution data (summation of 3 parallel electrodes). The 

number of pits on 2A12 aluminum alloy abraded to 600 grit, 2000 grit and 5000 grit were 991, 575 and 

212, and average pits mouth area were 2052 μm
2
, 1799 μm

2
 and 1212 μm

2
, respectively. The number 

of pits decreased with increasing grit number from 600 to 5000. Furthermore, the pits mouth area 

showed the same trend, i.e. decreased with the increase of grit number, implying that stable pits on the 

smoother surface had slower propagation rate than those on the rougher surface. Besides, according to 

Table 4, the current transients on the smoother surface had smaller peak value and shorter lifetime 

compared to those on the rougher surface.  

 

 
 

Figure 12. Size distribution histograms of stable pits on 2A12 aluminum alloy abraded with abrasive 

papers of (a) 600 girt, (b) 2000 girt and (c) 5000 girt. 

 

Thus, the metastable pits on the rougher surface were larger in size and more likely to turn into 

stable pits, resulting in the formation of more and larger stable pits. Compared to the rougher surface, 

estimation of stable pits revealed that the smoother surface showed better pitting resistance because of 

its relatively lower pitting susceptibility and slower pit growth rate. 

 

 

 

4. DISCUSSION 

4.1 Effect of surface roughness on pitting 

It is well known that surface abrasion can alter the surface roughness, which may have 

influence on pitting corrosion by altering the true surface area and the openness of surface grooves [48, 

49]. Within the passive range, the critical passive current is expected to be proportional to the true 

surface area. However, the passive currents of samples abraded with abrasive papers of 600 grit, 2000 

grit and 5000 grit are very similar in this study, revealing that the true surface area has relatively small 

effect on pitting corrosion of 2A12 aluminum alloy. 

The openness of surface grooves is usually characterized by the aspect ratio of surface grooves 

(w∙d
-1

), in which w and d are the width and depth of grooves at the opening, respectively. Statistical 

data of ten surface grooves on 2A12 aluminum alloy abraded by different grits abrasive papers are 

summarized in Table 5. With increase of surface roughness, both width and depth of the surface 
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grooves increase, while the aspect ratio of surface grooves decrease. The openness of surface grooves 

plays an important role on the diffusion of the dissolved corrosion products in the micro pits. The 

smaller value of w∙d
-1

 implies that the groove is relatively narrow and deep, providing a deeper 

diffusion barrier. In narrow and deep grooves, corrosion products are more difficult to diffuse outward, 

resulting in a more severe acidification attributed to hydrolysis of metal ions [10, 12, 14]. Hence, the 

metastable pits emerged on the rougher surface could turn into stable pits more easily [10, 12, 14]. For 

metastable pits of stainless steel, the diffusion controlled model is well accepted. Therefore, the 

openness of surface grooves has significant influence on the pitting corrosion of stainless steel [44, 45, 

48, 50]. Compared to those on the smoother surface, the metastable pits on the rougher surface have a 

better chance to obtain stable growth. 

 

Table 5. The width, depth and aspect ratio of surface grooves for 2A12 aluminum alloy abraded with 

abrasive papers of different grit numbers. 

 

Grit number w (μm) d (μm) w∙d
-1

 

600 18.85±8.77 1.98±0.64 9.57±2.50 

2000 11.85±5.07 0.78±0.14 15.18±5.83 

5000 4.35±1.51 0.11±0.05 44.87±19.93 

  

4.2 Effect of intermetallic particles on pitting 

For Al and Al alloy, it is generally accepted that corrosion behavior is closely associated with 

intermetallic particles, grain size, residual stress, grain boundary precipitates and precipitate free zone 

[23, 29, 53, 54]. The major intermetallic particles in 2A12 aluminum alloy are S-phase, which are 

generally cathodic with respect to the matrix. In this study, the corrosion behavior of 2A12 aluminum 

alloy mainly relates to the density, area fraction and size of intermetallic particles. 

 As mentioned in Section 3.1, with increasing grit number from 600 to 5000, the density of S-

phase decreases. As a cathodic particles, S-phase can drive dissolution of the surrounding matrix [30, 

55]. Therefore, the frequencies of anodic and cathodic current transients decrease significantly with 

increasing grit number, i.e. the metastable pitting events occurred more frequently on the rougher 

surface. Moreover, metastable pitting (current transients) also closely relates to the size and area 

fraction of intermetallic particles. Compared to the smoother surface, both average size and area 

fraction of S-phase on the rougher surface are relatively larger, resulting in bigger current peak value 

and longer duration of anodic and cathodic current transients, because the dissolution of bigger 

particles or their surrounding matrix can induce bigger cavities. Besides, the precipitate size has effects 

on the stability of passive film, and then could affect the occurrence and formation of metastable 

pitting [56, 57]. Consequently, metastable pits initiate because the intermetallic particles above a 

critical size may lead to a defective passive film (oxide film). Compared to the smoother surface, the 

rougher surface promote the frequency of metastable pits and maintain the pits to propagate with a 

longer time, resulted from the bigger size, higher density and area fraction of particles on the rougher 

surface. 
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The metastable pit generated by the dissolution of big particles (and/or their surrounding 

matrix) could result in a deeper diffusion barrier and a more severe acidification [10, 12, 14, 58]. Thus, 

the metastable pits emerged around bigger particles could maintain continuous propagation more 

easily, indicating that the metastable pitting generated around bigger particles has a greater possibility 

turning into stable pitting. Besides, the frequency of metastable pitting (current transients) on rougher 

surface is higher than that on smoother surface. Therefore, both population and area of stable pits 

generated during 3600 s potentiostatic polarization increase with decreasing grit number of abrasive 

paper. The bigger size, higher density and area fraction of particles on the rougher surface promote the 

transition of pits from metastable to stable growth. 

 

 

 

5. CONCLUSIONS 

The microstructure and pitting corrosion of 2A12 aluminum alloy abraded with abrasive papers 

of 600 grit, 2000 grit and 5000 grit was studied. All of the sanded samples underwent pitting corrosion, 

while surface layer dissolution (except pitting) was not observed. The pitting corrosion of 2A12 

aluminum alloy is strongly affected by the size, density and area fraction of intermetallic particles (S-

phase). Whereas surface roughness shows relatively small influence on the pitting corrosion of 2A12 

aluminum alloy. 

(1) Surface abrasion can not only alter surface roughness, but also alter the size, density and 

area fraction of intermetallic particles. With increasing grit number from 600 to 5000, the surface 

roughness decreases, whilst the density, area friction and size of intermetallic particles in 2A12 

aluminum alloy also decrease. 

(2) One obvious breakdown potential, Epit, exhibited in all the samples abraded with abrasive 

papers of 600 grit, 200 grit and 5000 grit. With increasing grit number from 600 to 5000, the decreased 

icorr, the increased Epit, Rf and Rct indicates that 2A12 aluminum alloy exhibits lower corrosion 

susceptibility and better passivation performance. 

(3) The frequency, peak value and lifetime of current transients decrease significantly with the 

decrease of grit number. With increasing grit number from 600 to 5000, the population and size of 

stable pits decrease remarkably. The enhanced density, higher area friction and bigger size of 

intermetallic particles on the rougher surface promote the initiation and growth of pits (metastable and 

stable). This indicates that with increasing grit number from 600 to 5000, 2A12 aluminum alloy 

exhibits lower corrosion susceptibility and lower pit growth rate. 
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