
Visual observations of streaking corrosion of aluminum 

alloys AA7075 and AA8006 in chloride solution 

 

 

Ruo-Shuang Huang,a,b Chang-Jian Lin,b,* and Hugh S. Isaacs a,**,z

 

aBrookhaven National Laboratory, Upton, NY 11973, USA 

bState Key Laboratory for Physical Chemistry of Solid Surfaces, Department of 

Chemistry, Xiamen University, Xiamen 361005, China 

 

 

 

 

The submitted manuscript has been authored under Contract No. 

DE-AC02-98CH10886 with the U.S. Department of Energy. Accordingly, the 

U.S. Government retains a nonexclusive, royalty-free license to publish 

or reproduce the published form of this contribution, or allow others to 

do so, for U.S. Government purposes. 

                                                        
*  Electrochemical Society Active Member. 
** Electrochemical Society Fellow. 
z  E-mail: isaacs@bnl.gov 

 1



   The surface behavior of aluminum alloys in chloride solutions has attracted 

considerable attentions because of its importance in corrosion.1-10 Many alloys are 

susceptible to filiform corrosion which takes place under coatings.1-6,11 Susceptibility 

has been correlated with specific electrochemical characteristics of a thin surface 

layer formed by thermomechanical treatment during manufacture.1-6 Zn containing 

aluminum alloys also show a surface susceptibility in chloride solutions but for these 

alloys the surface sensitivity results from machining7 and abrasion.8-10 The surface 

attack takes place preferentially along grooves8,10 producing streaks. Another 

similarity with all these alloys when sensitive to these types of corrosion is apparent 

in their polarization curves. Both sets of the alloys show a current peak associated 

with transient dissolution of the thin surface layer appearing only during the first 

potential scan from around the open circuit potential to where pitting corrosion takes 

place.4-6,9,10

 

The present work employs a new imaging technique10,12 to study changes taking 

place on surfaces and describes measurements that show a further similarity. AA8006, 

an alloy susceptible to filiform corrosion, has been found to display streaking 

corrosion similar to that seen with AA7075 and other Zn containing alloys.8-10  

 

Experimental 

 

Samples were cut from a 5 mm thick plate of AA7075-T6 with a weight percent 
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composition of 5.5 Zn, 2.5 Mg, 1.5 Cu, 0.2 Cr and a fully annealed 1 mm thick sheet 

of AA8006-O with a nominal composition in weight percent of 1.5 Fe, 0.4 Mn, 0.2 Si, 

0.02 Mg. The alloys were tested after wet abrasion on SiC paper, and following 

etching, and heating the abraded surface in air. AA8006 was also tested in the 

as-received condition. Etching was in 1.0 M NaOH at 60oC for 1.5 min followed by 

immersion in 70 % HNO3 for 0.5 min.  

 

Transparent adhesive tape (3M Co. Type 5) with a 6x6 or 5 x 5 mm2 window was 

applied to sample areas >30 x 30 mm2 to restrict the exposed area during testing. The 

sample formed the base of a closed test cell with walls of a square 25 x 25 mm2 

plastic cylinder and a transparent lid through which the exposed surface was optically 

monitored. A saturated Ag/AgCl reference electrode (-50mV vs. a saturated calomel 

electrode) and a Pt wire counter electrode were inserted through holes in the lid. 

About 12 cm3 of solution completely filled the cell. Open circuit potential, cyclic 

polarization at 0.2 mV s-1 and constant current measurements, starting about 50mV 

below the open circuit potential, were made. The solution used was air saturated 0.5 

M NaCl. In some experiments, to observe pH changes, 5% by volume of a wide-range 

pH indicator (Fisher, Universal Indicator) was added to the NaCl solution.  

 

The surfaces tested were under continuous optical surveillance using a difference 

viewer imaging technique (DVIT) (Applicable Electronics Inc.) which displayed both 

a real-time image and a processed difference-image. The difference image was 
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obtained by digital subtraction of an earlier image from the real time image. The 

difference was further processed by multiplying the result by an amplification factor 

and adding a grey level to the entire image. The resulting processed image showed 

only changes that took place during the period between recording the earlier 

background image and the real time image.12 The processed difference-images are 

unencumbered by visible “noise” created by static details in a real time image and 

only identified where changes have taken place on the surface or in solution. In 

addition, the electrochemical current and potential parameters are recorded in 

conjunction with each real time image.  

 

Results 

 

 In combination, the DVIT and the electrochemical data yielded specific 

information of in situ surface changes, which were very difficult to correlate using 

common in situ imaging techniques.  An in situ image of the surface of abraded 

AA7075 exposure to 0.5 M NaCl for 10 min is shown in Fig. 1a. The abrasion marks 

on the surface are 45o and the edges of the transparent tape can be seen. The 

discernable changes during the exposure were difficult to define both in real time and 

on reviewing recorded images. However, the difference image in Fig. 1b derived from 

the 10 min image in Fig. 1a and earlier image, at 7 min, shows that many streaks, seen 

as thin lines that had grown in the 3 min period predominantly along a single abrasion 

groove. Fig. 1c is a magnified area of Fig. 1b. The arrow A points to the site where a 
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streak initiated and grew in both directions. Streaks grew at rates which varied from 

site to site. Some streaks continued to grow, others terminated, and new sites initiated. 

Maximum rates were about 6 µm s-1.  

 

Potentiodynamic current measurements in Fig. 2 for AA7075 produced no visible 

attack below the open circuit potential, -720 mV, and streaking began at and above 

this potential. Unlike the streaks at open circuit which ran within a single groove, the 

attack was predominantly in bands incorporating many adjacent abrasion grooves. 

The streaking showed a preference for propagating from the edge of the tape into the 

exposed area with some penetrations under the tape. Fig. 1d, a difference image, 

shows this surface attack during a 3 min period when the current density in Fig. 2 

reached 0.62 mA cm-2.  The thickness of the bands, the tendency to propagate 

underneath the tape, and presence of bubbles all increased with potential. About 50 % 

of the exposed area was streaked when the current reached a maximum and covered 

the entire surface at -680mV when a current minimum was recorded. The charge on 

integrating the current over the period of the peak was 151 mC cm-2. Once an area 

was etched by the streaking, streaking did not take place again. No indication of a 

peak was seen on decreasing the potential after reversal of the scan direction at a 

potential above the peak.  

  

Experiments with additions of a pH indicator to simple solutions were carried out 

similar to those in viscous electrolytes with sucrose, and in gels, all containing 
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chlorides.8 In these environments a low pH was observed around and behind the 

growing tips of streaks which faded when streaking stopped. In viscous electrolytes a 

number of new streaks were seen to initiate when a low pH convection plum produced 

by a growing streak touched down on another area of the Al surface. In simple 

aqueous electrolytes the very low pH regions at the growing streaks were rapidly 

diluted by convection establishing large areas of pH lower than the bulk pH of ~6 

which were also more prone to streaking. 

 

Streaking of AA7075 has been associated with the presence of a surface layer10 

and ion milling or etching the surface of abraded Al-Zn alloy in NaOH followed by 

HNO3 removed the formation of streaking at open circuit and led only to pitting 

during potentiodynamic polarization. 

  

As received AA8006 showed somewhat similar characteristics to the abraded 

AA7075 but the AA8006 was more prone to pitting. Streaking was observed from 

DVIT images during open circuit, as shown in Fig. 3a. Several horizontal fine 

darkened streaks grew along the rolling direction. There were far fewer active 

streaking sites compared with abraded AA7075 but the propagation rates were similar. 

Streaking was stopped below the open circuit potential at the start of potentiodynamic 

scans. It started again when the prior open circuit potential was reached. Fig. 3b 

shows a difference image derived from -766 mV (0.5 mA cm-2) and -802 mV surfaces. 

At higher currents the initiation of streaking on adjacent grooves was greater than that 
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seen with the Zn alloy, leading to more spreading perpendicular to the rolling 

direction. The polarization curve in Fig. 2 showed a shoulder as streaking covered the 

surface on first increasing the potential followed by a dramatic appearance of pitting 

as the current continued to increase.  

 

In other experiments after abrasion of AA8006, no streaking could be seen at 

open circuit or during potentiodynamic polarization. Only pitting took place above a 

significantly higher potential e.g. -710 mV in 1M NaCl. Abrasion and heating at 

600oC for 2 h gave streaking but only at low current densities and at a more negative 

potential of -800 mV. At higher currents and potentials the behavior was different. The 

streaking sites began to pit and any new site behaved as an active pit evolving 

bubbles.  

 

With additions of a pH indicator AA8006 produced results similar to those seen 

with AA7075 where acidity developed around the head of active streaking lines as 

they moved along the rolling direction.  

 

Discussion 

                    

Al-Zn alloys7,9,10 and those showing filiform corrosion have an active surface 

layer1-3,14,15 that leads to a polarization curves with a current peak that has been 

referred to as second breakdown potential9,13, at lower potentials than that for pitting. 
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Maitra and English considered the differences in potential with abraded AA 7075 to 

result from grain boundary enrichment and differences between grain boundary 

regions and the grain interiors due to precipitation of Mg, Zn, and Cu.13 Meng and 

Frankel attributed the electrochemical susceptibility to attack of fine hardening 

particles containing Cu in the surface layer and the accompanying dissolution of the 

surrounding Al matrix.9 Afseth et al.1 have reviewed enhanced surface shear 

deformation of Al during rolling where the more brittle micrograined surface layers 

break-up and becomes “smeared over by the softer, underlying metal, or they fold 

over and reweld to the surface” and redistribution of very fine particles of 

intermetallics and incorporated oxide phases that inhibited recrystallizaton by Zenner 

pinning.1 Also discussed are associated effects on the solubility and intermetallic 

formation.1 More recent models attribute the sensitivity of the layer to the presence of 

Pb that diffuses to the surface along the high density of grain boundaries during heat 

treatment. 4-6,14,15

 

   DVIT results Figs. 1 and 3 show streaking corrosion of AA7075 and A8005. The 

possible presence of streaking corrosion with AA8006 was investigated because of the 

distinct similarity in the polarization curves for alloys that are susceptible to filiform 

corrosion4-6 and for polarization curves of Al-Zn alloys.9,10 The streaking of both 

alloys correlated directly with the increased currents in the polarization curves in Fig. 

2 at potential below where high currents due to localized pitting dominated.  The 

distinct peak for AA7075 in Fig. 2 resulted from a charge of 151 mC cm-2 which 
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corresponds to oxidation of a 50 nm layer of Al. This may be an underestimate of the 

Al layer thickness because bubbles of a gas, probably hydrogen, were apparent. If the 

hydrogen was associated with the attack of the surface layer then the observed anodic 

current underestimates the charge by the amount extracted by hydrogen formation. If 

the hydrogen formation follows the same route as in pitting the error would be of the 

order of 15%.16 Meng and Frankel derived a thickness of about 75 nm from current 

transients at fixed potentials.9 Similar measurements were reported by Huang et al. on 

removal of surface layers chemically or by ion milling.10 

 

The polarization behavior on the first cycle for AA8006 in Fig. 2 shows a 

shoulder on polarization around –740 mV. Again the presence of the increased current 

correlated directly with streaking using DVIT and the associated charge may be 

roughly estimated within the range observed with AA7075. A closer estimate is 

dependent on judging the background current associated with pitting. Certainly 

bubbles were more numerous during streaking, than with AA7075. Keuong et al.5 

potentiostatically polarized as received AA8006 at a potential close to the current 

minimum above an observed current peak and found a charge of 187 mC cm-2 or 

about 62 nm a thickness of the same magnitude as that found for the susceptible layer 

on AA7075. Nisancioglu and co-workers report the presence of a limited susceptible 

surface region based on potentiodynamic, open circuit potential transients, and current 

transients. Their studies included AA8006, and the AA1000, and 3000 alloy 

series.1-6,14,15 The work showed that abrasion removed the surface susceptibility 
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produced on heating or during thermomechanical manufacture. It distinctly contrasts 

with the surface susceptibility of Zn containing Al alloys that is brought on by 

abrasion. Further measurements are required to determine the range of alloys and their 

pre-treatments that will produce streaking corrosion.  

 

The streaking corrosion observed with both AA7075 and AA8006 takes place by 

a similar process as judging from pH changes using indicators. Low pH results from 

hydrolysis of dissolved Al ions around the growing streak. A mechanism for streak 

propagation following initiation can be based on the high aluminum chloride 

concentration and associated low critical pH ahead of a growing streak initiating 

further breakdown. The very rapid streaking rate of 6 µm s-1 corresponds to a current 

density of 18 A cm-2 and is within the order of magnitude found for initial pit 

growth.17 In contrast to pits that grow in volume under the passive layer, the low pH 

developed around the growing tip of a streak leads to further breakdown of passivity 

ahead of the streak.  

 

The groove geometry of the growing streak influences the mode of growth. The 

grooves help to confine the low pH necessary for breakdown. This critical pH is 

reached within the groove but at its edges diffusion into the bulk solution is 

comparatively unrestricted and rapid dilution raises the pH above the critical value 

preventing corrosion starting in adjacent grooves. However, during polarization the 

rate of dissolution increases, increasing concentrations, and enables spillover of the 
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critical low pH to adjacent grooves. The streaks then become broader as seen in Figs. 

1d and 3b.   

 

The relative breakdown potentials for streaking and pitting may be important in 

the pitting behavior of many Al alloys. The potentiodynamic polarization curve for 

AA7075 in Fig. 2 displays a clear separation between streaking and pitting, whereas 

for AA8006 the presence of streaking is less clear and leads only to a shoulder. A 

schematic showing the relative positioning of the two phenomena in Fig. 4 maintains 

a fixed breakdown behavior for streaking and a variable pitting behavior. It is 

assumed that their currents can simply be added together. In practice it is found that 

not only will both changes with surface preparation, heat treatments, chloride 

concentration, pH of the test solution, and potential sweep rate4,6,13 but the streaking, 

if within the range of pit growth can initiate pitting sites. This assisted initiation was 

observed with abraded AA8006 heat treated at 600oC which showed little tendency to 

streak and inhibited streaking at higher potentials. These observations suggest that the 

susceptible layer can act as a pit initiator. Characteristics of pit initiation sites are 

generally difficult to identify and future studies of the causes of the surface 

susceptible layer may also lead to a deeper understanding of pit initiation. 
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Conclusions 

 

Streaking corrosion along grooves has been observed in chloride solutions on a 

Zn containing Al and an alloy susceptible to filiform corrosion using an in situ image 

difference technique. A thin susceptible layer of the order of 50 nm in thickness is 

present which is removed during streaking. In the former alloy the layer is formed by 

abrasion while in the latter, by thermomechanical treatments. The propagation of the 

streaks is dependent on acidity at the tip of the growing streak confined by the 

grooves. Depending on the relative potentials at which streaking and pitting corrosion 

propagate, the presence of the susceptible layer can initiate pitting if it propagates 

more rapidly than streaking corrosion.  
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Figure Captions. 

 

Fig. 1. Images of AA7075 in 0.5 M NaCl. (a) A real image after open circuit exposure 

for 10 min. (b) A difference image derived from subtraction of an image at 7 min from 

an image at 10 min, amplifying the difference and adding a grey background. (c) 

Magnification of the area shown in (b). (d) A difference image derived from an image 

at a current density of 0.62 mA cm-2 and a 3 min earlier image recorded during the 

polarization scan shown in Fig. 2. 

 

Fig. 2. Polarization curves for abraded AA7075 and as received AA8006 in 0.5 M 

NaCl at a scan rate of 0.2 mV s-1. 

 

Fig. 3. Images of as received AA8006 in 0.5 M NaCl. (a) A difference image obtained 

after subtracting and processing an image taken at 10 min from an image at 13 min. (b) 

A difference image derived from an image at a current density of 0.5 mA/cm2 and a 3 

min earlier image during the polarization scan shown in Fig. 2.  

 

Fig. 4. Schematic polarization curves showing the effects of changing the relative 

positions of the streaking and pitting susceptibility. 
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Figure 1. Images of AA7075 in 0.5 M NaCl          (a) A real image after open circuit 
exposure for 10 min. 

(b) A difference image derived from subtraction of an image at 7 min from an image at 10 
min, amplifying the difference and adding a grey background.  

(c) Magnification of the area shown in (b). 
(d) A difference image derived from an image at a current density of 0.62 mA/cm2 and a 3 
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Figure 2. Polarization curves for abraded AA7075 and as received AA8006 in 0.5 
M NaCl at a scan rate of 0.2 mV/s.
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Figure 3. Images of as received AA8006 in 0.5 M NaCl 
(a) A difference image obtained after subtracting and processing an image taken at 

10 min from an image at 13 min. 
(b) A difference image derived from an image at a current density of 0.5 mA/cm2 

and a 3 min  earlier image during the polarization scan shown in Figure 2. 
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Figure 4. Schematic polarization curves showing the effects of changing the 
relative positions of the streaking and pitting susceptibility. 

 18


	Experimental
	Results
	Discussion
	Conclusions
	Acknowledgements
	References

