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Intermetallic particles trigger streaking
corrosion in AA7075-T6

Check for updates

Marlon Mopon Jr.1,2 , Arjan Mol3 & Santiago J. Garcia1

Streaking corrosion (SC) of AA7075-T6, characterized by the rapid dissolution of an altered surface
layer (ASL) formed through mechanical surface treatments, is investigated. Utilizing in situ high-
resolution reflected lightmicroscopy,we reveal that SC initiates preferentially on intermetallic particles
(IMP) or pre-existing pits. Optical evidence of galvanic interactions between propagating streaks and
connected IMPs is observed. Concurrent in situ open circuit potential (OCP) measurements show a
characteristic pattern that correlate with SC initiation, progression, and termination. This work
demonstrates the effectiveness of a simple in situ optical-electrochemical setup in tracking dynamic
local corrosion processes and directly linking OCP transients to specific corrosion events.

AA7075 is anAl-Zn-Cu-Mgalloy commonly used in the aerospace industry
due to its good strength to weight ratio. Themicrostructure that arises from
its composition, however, is prone to local corrosion. Intermetallic particles
(IMPs) formed due to the presence of alloying elements undergo a complex
dealloying process that eventually lead to micro-galvanic coupling with the
bulk matrix1,2. Typical AA7075 IMPs include S-phases (Al2CuMg), θ-
phases (Al2Cu), and secondary particles, of which Al7Cu2Fe,
(Al,Cu)6(Fe,Cu), andMgSi2 aremost abundant3,4. Local corrosion of S- and
θ-phase IMPs begins with a dealloying process wherein less noble IMP
components such asMg and Al are dissolved5,6. This leads to enrichment of
the Cu at the IMP which facilitates oxygen reduction reaction and triggers
anodic dissolution of the less noble adjacent matrix (i.e., trenching).
Meanwhile, some secondary particles (e.g., Al7Fe2Cu

7) have been shown to
be more electrochemically stable and thus may undergo slower and limited
dealloying. Their local corrosion behaviour is characterized by less extensive
dealloying although still accompanied by trenching7,8. Presence of grain
boundary precipitates and precipitate-free zones in the AA7075 grain
boundaries also lead to intergranular corrosion susceptibility9,10.

Apart from the corrosion susceptibility due to its microstructure,
mechanical surface treatments of the AA7075 surface (e.g., abrading,
machining, polishing) can also render it vulnerable to a form of altered
surface layer (ASL) attack11–14. This ASL attack is similar in nature to
reported corrosion of near surface deformed layers (NSDL) present in
aluminiumalloys15–19. Notably,majority of theseworks studiedNSDL in the
context of filiform corrosion which occurs when the aluminium alloy is
covered with an organic coating. The ASL’s (or NSDL’s) vulnerability has
been attributed to redistribution of active alloying elements (i.e., Zn, Mg)
from precipitates and IMPs into the ASL due to high shear straining during
surface polishing20. Huang et al.12,21 referred to a form of this ASL attack as

streaking corrosion due to characteristic streaks formed by its preferential
propagation along abrasion grooves. Streak propagation is thought to be
driven by the low pH produced by corrosion product hydrolysis. The low
pH undermines passivity and pushes the streak front forward12. The
topologyof the grooves provide an ideal containment system for this lowpH
environment leading to the observed preferential propagation at these
locations. Other aluminium alloys such as AA800612 and AA705511,22 have
also exhibited similar streaking behaviour.

Nevertheless, there are still questions regarding initiation and propa-
gation of streaking corrosion in the ASL. Zhao and Frankel proposed that
the initiation sites forASL attack inAA7075during polarized conditions are
active nano-grain boundaries enriched with Zn and Mg20. This does not
account though for the highly localized occurrence of streaking corrosion
especially during open circuit conditions. In this work, we used an in situ
optical-electrochemical technique to deepen and clarify our understanding
of the initiation and propagation of streaking corrosion in AA7075-T6
microelectrodes. The technique utilizes reflected lightmicroscopywith high
spatial and temporal resolution to monitor changes on the surface. When
coupledwith open circuit potential (OCP)measurements, determination of
the electrochemical signals of specific corrosion events on the surface is
possible. Furthermore, scanning electron microscopy (SEM) and energy-
dispersive x-ray spectroscopy (EDX) was also utilized in order to identify
features that likely contribute to initiation of streaking corrosion.

Results
Streaking corrosion initiation
Figure 1 shows that local corrosion processes on the surface of a roughly-
polished AA7075-T6 sample (i.e., sample with visible grooves from grind-
ing) can generally be divided into two types: (1) dealloying and trenching
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around IMPs and (2) streaking corrosion on the bulk matrix. Dealloying is
observed optically as surface darkening within the IMP boundaries (i.e.,
greenboundaries)while trenching is the subsequent darkeningof thematrix
adjacent to the IMP boundaries23,24. The IMPs in area 5 of the microscopy
image at 10minutes (Fig. 1) exhibit this behaviour. Majority of the IMPs
showed signs of dealloying during the first 10minutes of exposure. Gradual
trenching around the dealloyed IMPs progressed for the rest of the
immersion. The image of the surface at 120minutes shows extensive IMP
dealloying and trenching.However, their effect does not extend too far from
the IMP boundary.

Streaking corrosion was observed as dark lines that generally grew
along the direction of the abrasion grooves. The streaks initiated on four
separate locations (areas 1–4 in Fig. 1) within the first 10minutes of
immersion. Areas 1, 2, and 3 each exhibited one streaking initiation event,
while Area 4 showed four. The area 4 streaks propagated the most and
covered almost half of the sample surface within 60minutes of immersion.
Visual appearance of the streaked surfaces are consistent with optical
micrographs of streaking corrosion by Huang et al.12 and of ASL attack
shown byWang et al.11,25 The extent of streaking corrosion propagation can
be further quantified with the affected area – ameasure of the percentage of
pixels in the subtracted images which exhibited gray level changes greater
than or equal to a threshold. The affected area curve for this sample (Fig. 2)
shows that the continuous streaking corrosion from 5 until around
40minutes of exposure indeed led to rapid surface changes. The increasing
part of the curve shows staircase-like features consistent with the incre-
mental propagation of streaking corrosion. This incremental propagation

suggests that the overall streaking is a sequence of smaller initiation-
propagation-termination events.

Figure 3 shows the time-evolution of the surface activity maps, where
streaking corrosion appears as fast-spreading purple lines that extend into
the matrix. It provides a clearer view of streaking in Areas 1, 2, and 3 and
indicates that the streak in Area 2 and Area 3 likely originated from IMPs.
Figure 3 also shows that the activity in area 4 started with four individual
streaks. Activity maps in Fig. 4 are still frames from Fig. 3 which show
initiation and subsequent growth of the streaks. It is interesting to point out
that the four streaking events did not happen at the same time. Instead, one
streak initiates, propagates, and ends before another streak begins from a
different location. This gives the overall impression of incremental streaking
propagation shown in Fig. 2. The first streak initiated at around 41 seconds
from start of immersion (Fig. 4a). The initiation site was on the right edge of
particle P1, an S-phase IMP based on the post-mortem EDX analysis
(Supplementary Fig. S1). The streak followed a groove and propagated
towards the top right direction. The streaking ended at around 54 s. The
second streak initiated at the left edge of P2 (S-phase, EDX in Supple-
mentary Fig. S2) and propagated towards the bottom left direction (Fig. 4b).
It is noted that P2 showed signs of increasing activity on the IMP surface
before the initiation of the streak. The streak front advanced through a well
defined groove at 153 s and covered a distance of around 9 µm. Its estimated
front speed of 4.5 µm s−1 is consistent with streak rate reported by Huang
et al.12 At 158 s, the streak connected to a nearby IMP (P’) which then
showed signs of activation and activity spread both along and lateral to the
grooves in its vicinity (indicated by the dashed arrows in the activitymap at

Fig. 1 | Evolution of local corrosion on a rough-polished AA7075 observed by
in situ microscopy. In situ reflected light microscopy images of an AA7075 surface
exposed to 0.05 MNaCl atOCP show the evolution of local corrosion processes such
as streaking corrosion (area 1–4), and IMP dealloying and trenching (area 5). The

microstructure map which indicates the location of IMPs and pre-existing pits
shown in this figure was created from post-immersion SEM images. The legend
indicates the boundary colour for IMPs and for pre-existing pits.

Fig. 2 | Affected area vs. time of Fig. 1 sample.
Affected area curve shows majority of the area that
changed can be attributed to the propagation of
streaking corrosion.
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160 s). With further exposure, more active zones appeared near P’. This
streaking endedat around171 s. Figure 4c shows that the third streak started
at the bottom edge of P3 (S-phase, EDX in Supplementary Fig. S3) at 194 s.
The streak front moved towards the top right direction and then connected
to a low activity patch. This patch showed gradual increase of activity from
199 s until its apparent termination at 209 s but triggered no immediate
activity spread.The fourth streak initiated at the top edgeofP3, rightwhere a
smaller IMP is located (Fig. 4d). The composition of the smaller IMP was
not confirmed experimentally but based on its proximity to a cluster of S-
phases, it is likely to have same composition. The streak alsomoved towards
the top right direction where it then connected with the active patch from
the third streak. This lead to activity spread that headed back to P3, con-
nectedwith the third streak, and thencontinuedonas a streak front fromthe
left edge of the IMP cluster below P3. All other streaking events during the
immersion period can be traced to sites connected to the propagation of the
fourth streak. Despite the large area affected by streaking corrosion, the
affected depth appears to be relatively shallow. This is evident in the end-of-
immersion activity map for area D (Fig. 5a) which shows that the activity
level of the streaks remained in the low level (purple in the colour scale)
while that of the trenches reached a higher activity level (yellow-orange in
the colour scale). The post-mortem secondary electron image (Fig. 5b) also
shows distinct trenches around the IMPs but not so visible streak
morphology.

Analysis of the local corrosion behaviour in a smoothly-polished
AA7075-T6 surface (i.e., sample with no visible grooves from grinding) was
conducted to better understand streaking not confined to abrasion grooves.

TheRM image of the surface at the end of immersion (Fig. 6a) shows that, in
the absence of deep grooves, streaking corrosion has a patchy texture. The
edges of these streaking patches are also more billowing and less sharp. A
video depicting the evolution of activity of the overall surface is provided in
Fig. 7. The video highlights that the hallmark of streaking corrosion—rapid
spreading across the surface—is still observed even on a smoother sample.
This fast-spreading behaviour indicates that the corrosion events seen on
smoothly-polished surfaces are the same as those occurring on roughly
polished samples, despite the differences in morphology.

Theoverall streaking at the endof immersionof the smoothly-polished
sample was traced to areas 6 and 7 in Fig. 6a. Activity maps in Fig. 6b and c
are still frames fromFig. 7 and show the initiation andfirst couple of seconds
of propagation of streaks in area 6. It is evident from the maps that the
streaks originated fromP4andP5, both ofwhich are S-phase particles (EDX
analyses in Supplementary Figs. S4 and S5). The streak originating from P4
(Fig. 6b) started at its edge andpropagated in a diffusedmannerwith a linear
propagation speed ( ~ 2 µm s-1). This value is comparable to that observed
from the rough sample. Streaking terminated at around 163 s. Similar to P2,
P4 exhibited signs of increase activity on the IMP surface before the onset of
streaking. The streak originating from P5 (Fig. 6c) started on the IMP
surface and then rapidly propagated to the surrounding matrix until it
terminated at around 197 s. The surface was inactive prior to streak initia-
tion. It should be noted that another streak initiates from P5 later on, at
around 211 s. Figure 6d and e presents streaking initiation sites in area 7.
Unlike the previous streaking events, the ones observed in this area are
associated with pits and not IMPs. Pre-immersion SEM (Supplementary
Fig. S6) confirmed the presence of a pit on the same location as the initiation
site of the streak in Fig. 6d. Meanwhile, post-immersion SEM (Supple-
mentary Fig. S7) confirmed the presence of a pit at Fig. 6e streak initiation
site. Streak propagation from these pits were similar in behaviour to streak
propagation from IMPs. Interestingly, all the streaks initially spread to
bigger areas relative to their in-groove counterparts within the same time
period. Despite this, the fraction of the surface affected by streaking cor-
rosion is visibly less than that of the roughly-polished AA7075-T6.

Post-immersion secondary electron images (Fig. 8a) indicate that the
patchy texture of streaking corrosion arise from a mix of dissolved and
undissolved sections. Bright spots on the dissolved areas also point to
exposure of IMPs or dispersoids during ASL dissolution. Exposure of these
bright spots is most apparent on the areas traversed by streaking corrosion
and not on the intact areas. Post-immersion EDX analysis of streaked and
unstreaked areas (Fig. 8b) from another smoothly-polished replicate
(Supplementary Discussion) was also conducted to investigate possible
compositional difference. It is noted that streaking corrosion in this replicate
initiated from Fe-rich IMPs (Supplementary Discussion). The resulting
EDXmaps of the streaked areas revealed no discernible differences between
the two areas. This may indicate either that a thin ASL is present on the
unstreaked area but falls below the detection limit, or that all ASL material
susceptible to streaking is localized to the streaked area andhas been entirely
removed by corrosion. The absence of detectable differences further sug-
gests that the streaking does not result in the accumulation of substantial
corrosion products on the affected surface. Instead, the dissolved metal is
likely retained in the solution or redeposited beyond the analysed region.
While the observed morphological differences between roughly and
smoothlypolished surfacesmayprovide additional insight into thenature of
streaking corrosion, amore detailed investigation is outside the scope of this
work and is recommended for future study.

Notably, among 28 streaking initiation events across three
smoothly-polished samples and one roughly-polished sample, 21 ori-
ginated from intermetallic particles (i.e., 6 from the sample shown in
Fig. 1 sample, 2 from the sample in Fig. 6, 8 from the replicate in Figs.
S10, 5 from the replicate in Fig. S14). This indicates that 75 percent of
streaking corrosion events can be traced to IMPs and suggests that
these particles can act as trigger for streaking corrosion in AA7075. The
rest of the streaking corrosion events can potentially be attributed to
initiation from pits as shown in Fig. 6d and e.

Fig. 3 | Time-lapse video of local corrosion of roughly-polished AA7075 sample.
Evolution of surface changes on roughly-polished AA7075 sample during the first
10 minutes of immersion in 0.05 M NaCl (In the PDF version of this article, please
click anywhere on the figure or caption to play the video in a separate window).
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Surface activation of IMPs that initiate and do not initiate streaks
The preceding section shows that streaking corrosion mostly initiates on
IMPs and to certain extent, pre-existing defects. However, majority of the
IMPs on the samples analysed did not serve as initiation sites of streaking
corrosion. Local activityof the streak-initiating IMPswas further scrutinized
to see if there are any characteristic differences between them and the other
IMPs. This was achieved by looking at the activation of the IMP surfaces
through their corresponding simplified pixel activity level distribution
(sPADs). The sPADs present the maximum (maxAL), median (midAL),
andminimum (mindAL) activity level of the pixels that are within the IMP
surface boundary as a function of time.

N1 (Fig. 9a) is an IMP from the test shown in Fig. 1 and N2 (Fig. 9e) is
an S-phase from the test shown in Fig. 6 (EDX analyses in Supplementary
Figs. S8 and S9). Both of these IMPs did not initiate streaking corrosion.
Similar to S-phase sPADs in our previous work24, the onset of changes for

the pixels inside the IMP boundaries of N1 and N2 were within 60 seconds
from the start of exposure to the electrolyte. Average activation onset time
for known S-phase particles that did not initiate streaking (n = 13) from the
smoothly-polished sample is 13.1 ± 4.7 s. Based on the midAL curve, the
particles also exhibited an initial fast period ofmidAL increase followed by a
slow period, both of which showed generally smooth features (i.e., no dis-
continuities). The midAL increase during the fast period is associated with
the rapid dealloying of the IMP23,24. Once the particle has dealloyed sub-
stantially, transition to the slow period is observed. This period is associated
with trenching around the IMP23,24. The activitymaps in the insets show that
the changes forN1 andN2were characterized by gradual spread on the IMP
surface. It is noted that the kink at around 45 seconds visible in the N2
midAL curve is due to a change in focus of the microscope during image
acquisition. This is also seen in the other sPADs from the same trial (i.e., P4)
and is not regarded as information on surface phenomena.

Fig. 4 | Local activity maps showing streak initiation in Fig. 1 sample. Activity maps from area D in Fig. 1 show the initiation of four streaks (a–d) which eventually
propagated to the rest of the sample surface. The activity maps were obtained by subtracting from the image at t = 0 s and without applying any threshold.

Fig. 5 | Activity at end of immersion and corre-
sponding morphology observed with post-
immersion SEM. aActivity map of area D at end of
immersion and its (b) post-mortem secondary
electron image. The high activity around the parti-
cles (orange-yellow zones) indicate extensive surface
change due to trenching. Streaked areas (purple
zones) have shallowdissolution and donot stand out
in the post-mortem electron image.
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Majority of the streak-initiating IMPs (i.e., P1, P2, P3, P5) show IMP
surface activation profiles different to those from the non-initiating IMPs
reported here and in previous works23,24. P1 sPAD (Fig. 9b) registered a
maxAL step increase at around 42 s due to streak initiation from its right
edge. A gradual rise in activity from 54 s suggests surface dealloying, coin-
cide with the end of streaking corrosion shown in Fig. 4a. The activity
increase during the apparent dealloying (54–70 s on the midAL curve)
resembles typical S-phase behaviour but eventually plateaued at an activity
level of around 25. Inset activity maps reveal this plateau is due to inactivity
on parts of the IMP surface near the left and bottom edges, likely caused by
compositional variation. Nonetheless, midAL step increases at 134 s and
149 s (see black arrow in Fig. 9b) indicate that these eventually registered
activity consistent with streaking.

P2 activation (Fig. 9c), marked by dealloying around 98 s, occurred
before any streaking linked to the particle but significantly after typical
S-phase activity onset. Its dealloying progressed more slowly than non-
initiating IMPs. For reference, N1’smidAL rose by 8 levels in 10 s (75–85 s),
while P2 increased by only 3 over a similar period (100–110 s). A distinct
midAL step increase at ~120 s (see black arrow in Fig. 9b) signals a brief
streaking event directly over the IMP surface.

Although the P3 sPAD (Fig. 9d) shows a midAL increase at around
60 s, its almost flatmaxAL suggests that themidAL increasemight be due to
an image subtraction artefact caused by scratches on the area and not due to
actual changes on the IMP surface. Visible change in the maxAL trend at
around 180 s indicates that this might be the actual IMP activation. Again,
the activity step increase also suggests that the activation is due to streaking
over the IMP, similar to that seen in P2. Changes in the upper section of the
P3 attributed to dealloying is observed at around 286 s.

Among the IMPs in Fig. 6 associated with streaking corrosion initia-
tion, only P4 exhibited an initial activation profile comparable to that of a
typical S-phase IMP (Fig. 9f). Its activation onset at 13 seconds is consistent
with a dealloying particle. Slow down of activity increase associated with
trenching is observed after 60 s. At 147 s, streak initiation from the trench is
observed as an instantaneous increase in themaxAL andmidAL. It is noted
that onlyoneotherparticle in the replicate tests (SupplementaryDiscussion)
exhibited similar behaviour to P4.

Fig. 6 | Overall streaking corrosion and local streak initiation in a smoothly-
polished sample. In situ reflected light microscopy image (a) of a polished
AA7075 surface exposed to 0.05 M NaCl at OCP shows the extent of streaking
corrosion in the absence of deep abrasion grooves. Activity maps show streaking

initiation sites in (b, c) area 6, and (d, e) area 7. The activity maps were obtained by
subtracting from the image at t = 0 s and without applying any threshold. The
microstructure map overlay was created from pre-immersion SEM mapping. The
legend indicates the boundary colour for IMPs and for pre-existing pits.

Fig. 7 | Time-lapse video of local corrosion of smoothly-polishedAA7075 sample.
Evolution of surface changes on smoothly-polished AA7075-T6 sample during the
first 15 minutes of immersion in 0.05M NaCl (In the PDF version of this article,
please click anywhere on the figure or caption to play the video in a separate
window).
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Lastly, P5 activation onset (Fig. 9g) occurred much later than typical
S-phase onset. The IMP surface activation is characterized by a jump in the
sPAD attributed to streaking over the IMP surface. This also quickly tran-
sitioned to streaking corrosion outside the IMP as seen in the inset. The
midAL following the sPAD jump is lower than the values seen in the non-
initiating IMPs.

Intermetallic particle activity and streak propagation
The sPADs in Fig. 9 highlighted generally non-typical activation of IMPs
that initiated streaking corrosion. Interestingly, they also show that when an
IMP is involved in streaking, step-discontinuities appear on its sPAD at the
time of streaking initiation. The sPADs also exhibit near-horizontal profiles
for the maxAL, midAL, and minAL during streak propagation. This
behaviour points to temporary arrest of IMP activity during streak propa-
gation. Extended sPADs of the IMPs (Fig. 10b–d, f, g) involved with
streaking corrosion show that their activity increase eventually resumed.
This activity increase resumption is generally visible with the entire sPAD

but is easiest seen with theminAL. The activity arrest is not limited to IMPs
where streaking corrosion initiated. Figure 11 shows activity maps of two
active particles (indicated by solid white arrow in the 600-s frame of Fig. 11a
and the 250-s frame of Fig. 11b) activation profiles similar to the non-
initiating IMPs. However, during the immersion, propagating streaks
(indicated by dashed white arrow in the 1800-s frame of Fig. 11a and the
285-s frameof Fig. 11b) eventually linkedwith the surface of these IMPs (i.e.,
streak-linked IMPs). Their corresponding sPADs showed a transition to
near-horizontal profiles at the time of connection (see 1980-s frame of Fig.
11a and 292-s frame of Fig. 11b). As with the streak-initiating IMPs, activity
increase of streak-linked IMPs eventually resumed.

Activity increase resumption for the particles involvedwith the streaks
was observed to be related to the overall streaking termination. For the
roughly-polished sample, the termination occurred at around 40minutes of
exposure (Fig. 2). The activity resumption for all the streak-initiating (Fig.
10b–d) and streak-linked (Fig. 11a) IMPs happened after this time. Streak-
initiating and streak-linked IMPs from the smoothly-polished sample also

Fig. 8 | Post-immersion SEM-EDX analysis of streaked and unstreaked areas
from smoothly-polished samples. a In situ microscopy image of streaking corro-
sion and post-immersion secondary electron images of the streaking corrosion
patches show the corroded areas are composed of dissolved and undissolved

sections. The images also show that the depth of streaking is visibly less than tren-
ching around intermetallic particles. b Post-immersion EDX mapping of streaked
areas show no detectable difference compared to the unstreaked areas.
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showed resumed activity increase after overall streaking ended. The ter-
mination was observed at around 626 s (Supplementary Fig. S10) and the
extended sPADs of the streak-initiating (Fig. 10f, g) and streak-linked IMPs
(Fig. 11) show activity increase resumption after this time.

Correlation between open circuit potential transients and
streaking corrosion
Figure 12a shows theopencircuit potential of the smoothly-polished sample
during the first 10minutes of immersion. OCPmeasurements for the other

Fig. 9 | Comparison of the evolution of the pixel activity level among non-
initiating and initiating sites. Simplified pixel activity-level distribution plot for (a)
a non-initiating S-phase and (b–d) streak-initiating S-phases from the Fig. 1 sample,
and for (e) a non-initiating S-phase, and (f, g) streaking initiating S-phases from Fig.

6 sample. The dashed black lines indicate onset of activity on the IMP surface. The
dashed magenta lines indicate streaking corrosion (outside IMP) onsets highlighted
in Figs. 4 and 6. The insets show the activitymaps of the IMPs that correspond to the
plots presented.

Fig. 10 | Extended simplified pixel activity-level distribution of the particles
presented in Fig. 9. The extended simplified pixel activity-level distribution plots
show that typical S-phases (a, e) exhibit quasi-steady behaviour during the first

20 minutes of immersion while streak-initiating IMPs (b–d, f, g) show activity
increase resumption at a later time.
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samples are provided in Supplementary Figs. S11–S16 and in Figs. S24 and
S25. Increasing OCP values associated with IMP dealloying were observed
during the first two minutes of immersion23,26. Dashed magenta lines indi-
cate the onset times of streaking events presented in Fig. 6. A sudden OCP

drop is observed around these onset times (i.e., when streak initiated). The
drop is then followed by high frequency fluctuations around anOCP value.
Once thefluctuations end, a rapidOCP increase is observed coincidingwith
the end of the streak propagation.

Fig. 11 | Extended simplified pixel activity-level distribution (sPAD) of streak-
linked particles. a sPAD of a steak-linked particle from the sample in Fig. 1, and
b sPAD of a streak-linked particle from the sample in Fig. 6 both show arrest of
activity increase and resumption at a later time when they linked to a propagating

streak. The dashed magenta line in the simplified pixel activity distribution plots
indicates when the propagating streak connected to the IMPs and also mark the
beginning of the near-horizontal behaviours.

Fig. 12 | Correlation of OCP transients and surface streaking. a Corresponding
open circuit potential for the smoothly-polished sample and b global activity maps
corresponding to the streaking corrosion that initiated at 146 s. The reflected light
microscopy image at t = 140 s is used as reference to generate these global activity
maps so as to isolate the surface processes that gave the electrochemical potential

transients at the same period. The duration of the other streaking events on the
surface are as follows: 183–197 s (Fig. 6c), 197–208 s (Fig. 6d), 211–374 s (con-
tinuation of Fig. 6c, d streaking), 389–457 s (Fig. 6e), 463–627 s (continuation of Fig.
6d, e streaking).
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Figure 12b shows global activity maps corresponding to the streaking
event initiating at 146 seconds. These activity maps use the reflected light
microscopy image at 140 seconds as reference for image subtraction. As
such, they only highlight surface changes that happened after that point in
time. The maps show that the reported streaking event that initiated at P4
(Fig. 6b) was the only major surface event happening from 140 to
170 seconds. The maps also show that the streak propagation from
147 seconds (indicated by white arrows in Fig. 12b) matches the high fre-
quency period observed in the OCPmeasurements. Absence of changes on
the size of the streak between 163 and 170 seconds indicates that streaking
terminated at around 163 seconds. At this time, the OCP already increased
to pre-drop levels. This suggests that the rapid OCP increase corresponds
with the streak approaching termination.

The streaking events at 183, 197, and 389 seconds terminated at 197,
208, and 457 seconds, respectively. As with the streaking at 146 seconds,
they also exhibited the sequence of OCP drop, high frequency OCP

fluctuations, and OCP increase. This suggests that this particular OCP
transient pattern is characteristic of streaking corrosion.The longest interval
during which the pattern was observed is from around 211 to 374 seconds.
This corresponds to continuation of the streaking that initiated from area 6
and accounts for forming amajor part of the streak in the top section of the
sample (Fig. 6a). The streaking corrosion that initiated from area 7 also
continued from 463 until 627 s. The same transient pattern is seen during
streaking events in the other samples (Supplementary Figs. S11–S13, S24,
and S25).

It should be noted that other features are also present in the OCP
transients that go beyond the usual sequence of OCP drop, high frequency
transients, and OCP increase associated with streaking corrosion. For
instance, at around250 s (Fig. 12a), thehigh frequency transients exhibited a
substantial peakingof the baseline.Another superpositionof high frequency
transients and baseline drift is also apparent at around 480 s.OCP transients
for the other samples also exhibited the characteristic streaking corrosion

Fig. 13 | Proposed initiation mechanisms for streaking corrosion. a Initiation from an IMP with streaking over the IMP surface, b initiation from the trench of an IMP
undergoing typical dealloying and trenching, and c initiation from pre-existing pits.
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transients. However, simultaneous occurrence with other surface events
lead to variations in the observed signal. Detailed analysis of these other
forms of OCP transients will be covered in another work.

Discussion
Figures 1 and 6 show that localized occurrence of streaking corrosion in
OCP conditions is due to preferential initiation on intermetallic particles or
pre-existing pits. It is evident though that even among IMPs and pits,
streaking initiationhappens onlywith a select few. The few IMPs that served
as streaking corrosion triggers can be further grouped based on their
optically-observed behaviour: (case 1) those where the rapid, streaking-type
activity occurred directly over the IMP surface, and (case 2) those where
such activity emerged only from the developing trench of an IMP under-
going typical dealloying and trenching. A third case (case 3) includes
instances where streaking started from pre-existing pits.

Case 1 (i.e., streaking over IMP surface) includes IMPs that exhibited
streaking corrosion behaviour over the IMP surface during the course of its
activation that eventually led to streaking corrosion. The streaking over the
IMP surfacewas observedbefore or around the same time aswhen streaking
propagated beyond the IMP boundary (i.e., streak initiated at IMP). Figure
13a provides the schematic for the proposed mechanism for this case. The
streaking over the IMP surface is observed in the activity maps as rapid
spread of activity or in the sPADs as a step increase in the activity level.
Figure 9 sPADs as well as activitymaps from replicate tests (Supplementary
Discussion) show that most streak-initiating IMPs belong to this case.
P5 showed streaking over the entire IMP surface.Meanwhile, P1, P2, andP3
exhibited partial streaking. Since streaking corrosion is attributed to ASL
dissolution20, streaking over an IMP surface suggests the particle is covered
by the ASL (partially or fully). In the absence of the surface layer, the IMPs
would have exhibited similar dealloying behaviour as the non-initiating
particles (Fig. 9-N1,N2). Non-destructive pre-immersion analysis of the
ASL around IMPs and defects is recommended to validate this. Zhao et al.20

proposed that the dissolution of the surface layer begins with passive layer
breakdown, leading to the dissolution of nanograin boundaries. These
nanograin boundaries have been previously observed as ~10 nm bands rich
in Zn and Mg11,13,20,25. Their dissolution then continues through the ASL
until the underlying substrate is exposed. This mechanism of ASL dis-
solution can hypothetically occur on any other section of the sample surface
covered by the ASL. This could then trigger streaking corrosion initiation
over any part of the AA7075 matrix. Experimentally observed preferential
initiation on IMP surfaces here revealed suggest that the underlying particle
acts as a trigger for sustained surface layer dissolution. Two possibilities can
be considered – the particle caused local variations in the local ASL com-
position that made it more dissolution-susceptible, or the microgalvanic
couple formed between the dissolving Zn- and Mg- rich nanograin
boundaries and the underlying IMP promoted sustained dissolution. The
second explanation is more likely, given the apparent microgalvanic cou-
pling when IMP activity is temporary inhibited during streaking propaga-
tion (Fig. 10) as this indicates that ASL dissolution can interact with the
IMPs. Thus, the microgalvanic coupling between the IMP and ASL
potentially kickstarts ASL dissolution. Once sufficiently low pH due to
hydrolysis of dissolved ions is achieved, the ASL dissolution becomes
autocatalytic (i.e., low pH drives dissolution and dissolution sustains low
pH) and drives further propagation12,27.

Case 2 (i.e., streaking from trench around IMP) is characterized by no
detectable streaking over the IMP surface prior to streaking corrosion over
thematrix (i.e., streaking initiates close to the boundaryof the IMP). Instead,
the streak-initiating IMP first exhibited dealloying and trenching, similar to
the non-initiating IMPs. Figure 13bprovides the schematic for the proposed
mechanism for this case. This behaviour is only observedwithP4 (Fig. 9-P4)
and another particle in the replicate tests (Supplementary Discussion). The
absence of streaking over the particle suggests that the particle has no ASL
cover. Instead, the ASL is situated close to the particle boundary. The IMP
dealloying and subsequent trenching potentially generates local chemistry
(i.e., high pH) that triggered initial passive layer breakdown of the adjacent

ASL. Microgalvanic coupling between the IMP and the ASL then drives
propagation of the ASL to areas beyond the high pH vicinity of the IMP. As
with case 1, once sufficiently low pH is achieved on the propagation front,
the ASL dissolution becomes autocatalytic and drives further streaking
corrosion propagation. Notably, the high pH zone close to the dealloying
IMP surface potentially explains limited observation of this particular case
among the streak-initiating IMPs since thehighpHcanpotentially passivate
ASL dissolution. This suggests that for case 2 to proceed, the high pH zone
around the IMP should be relatively small, allowing the initial ASL dis-
solution to produce the acidic environment that will enable the ASL dis-
solution front to spreadout to thematrix. If these conditions arenotmet, the
IMP is more likely to follow typical pathway of localized dealloying and
trenching, without initiating streaking.

Case 3 (i.e., streaking from pits) covers streaking corrosion that initi-
ated from a pre-existing pit (Fig. 6d). The initiation is attributed to the
aggressive local chemistry, like lowpH28,whichdevelopswithin the pit likely
due to processes such as crevice corrosion29. If the pit is in close proximity to
an ASL, the low pH can trigger sustained ASL dissolution (i.e., autocatalytic
ASL dissolution) and lead to streaking corrosion propagation (Fig. 13b)12,27.

The development of sustained ASL dissolution in all of the cases
potentially accounts for the observedOCPdropwhen streaking corrosion is
initiating (Fig. 12a). This is consistent with previous reports of streaking
corrosionbeing adissolutionprocess11,12.Huang et al. proposed that theASL
dissolution will continue propagating as long as the pH is low enough to
drive breakdownahead of the streak12,21. The depth of attack stemming from
streaking corrosion over the matrix appears to be limited though which is
why the activity levels associated with propagating streaks remain low (i.e.,
purple colour in the activity maps). The low activity level of the streaked
areas also showminimal surface damage – shallower than trenching around
most IMPs (Figs. 5, 8). Even though the corrosion attack is shallow, its
propagation can undermine adhesion between protective coatings and the
AA7075 substrate. This can then lead to issues such asfiliformcorrosion15,30.
The streaking propagation also results to the high-frequency fluctuations
around an OCP baseline (Fig. 12a). It should be noted that the high-
frequency fluctuations happened after an OCP drop during streaking
initiation.

The propagating ASL dissolution can couple with the IMP surface,
leading to slower dealloying rates. This is seen as near-horizontal
profiles in the sPADs (Figs. 9, 10) following streaking initiation. The
near-horizontal profiles confirm that the degree of change on the IMP
surface is not increasing which suggests that the dealloying of the
particle is not progressing. This apparent inhibition is attributed to the
Zn and Mg in the ASL11,13,20,25 acting as sacrificial anodes31,32 which
temporarily limit dissolution of less noble components of the IMPs
(e.g., Al). Once the streaking stops, the sacrificial anode effect ends, and
IMP dealloying resumes (Figs. 10, 11). The streaking corrosion ter-
mination has previously been attributed to the pH at the front not being
low enough due to dilutionwith the bulk electrolyte12,21. However, there
is also the possibility that streaking ceases because the compositional
differences driving the phenomenon are no longer present — specifi-
cally, that the ASL has fully dissolved. As such, further experimentation
is recommended to determine the mechanism behind the termination
of streaking corrosion. Nonetheless, the termination of the rapid
anodic dissolution of the surface layer also leads to a return of the
potential to the pre-streaking state (i.e., OCP increase) wherein
cathodic reactions (e.g., oxygen reduction reaction) on the IMP sur-
faces are balanced by dissolution of less noble components on the
intermetallic particle and on the trenches (Fig. 12a). The observedOCP
increase after streaking termination can thus be interpreted as the
system’s relaxation after being perturbed by the streaking corrosion.

Methods
Commercial grade bare AA7075-T6 (Kaiser Aluminium, rolled thick-
ness = 3 mm) was used for the corrosion tests. Micropillars were pro-
duced from the metal sheets and embedded in cold-curing epoxy as
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reported elsewhere23,24,26. The resulting embedded sample had an exposed
metal surface area of approximately 260×170 μm2. The exposed area is along
the rolling plane of the alloy. The sample was repolished for each new cor-
rosion test. The solution used for the corrosion tests was a 0.05M NaCl
aqueous solution ( > 98%purityNaCl in “MilliporeElix 3UV” treatedwater).

Prior to immersion in the corrosive solution, the sample surface
was ground with SiC sandpaper from 320 to 4000 grit and then
polished to 0.25 μmwith diamond paste. For samples subjected to pre-
exposure microstructure analysis, location and spot composition of
IMPs and defects (e.g., pre-existing pits) were determined using SEM-
EDX (JEOL JSM-7500F field emission scanning electron microscope
coupled with energy dispersive X-ray spectroscopy) operated in back-
scattered electron mode. The SEM images were used to generate the
microstructure map of the sample surface. Right after SEM-EDX
analysis, the sample was quickly repolished with 0.25 μm diamond
paste and washed with ethanol before the immersion tests. The sample
was then placed in the in situ optical-electrochemical setup composed
of an electrochemical cell (redox.me Raman electrochemical flow cell)
and a reflected microscope (Dinolite AM7515MT4A, ~10 pixel μm-2)
operating in brightfield mode for in-situ acquisition of images of the
surface during immersion23,24. The sample served as the working
electrode and a Ag/AgCl(3 M KCl) reference electrode integrated into
the electrochemical cell was used as the reference electrode. The OCP
measurements were acquired using an Ivium CompactStat.h poten-
tiostat. The immersion tests were conducted inside a Faraday cage to
prevent interference from external resources. The cage is also equipped
with blinds to remove the effect of ambient light changes on in situ
imaging. Image capture and potential measurements were initiated
prior to the injection of the electrolyte into the cell to enable collection
of data from the very start of exposure. The sample was immersed in
4.5 mL of the electrolyte for 2 hours. Post-immersion analysis of the
sample was performed with SEM-EDX. It is noted that in some cases,
the post-immersion SEM images can also be used to generate the
microstructure map of the sample surface.

Detailed discussion of our image analysis protocol for studying
local changes in the sample surface is presented in our previous work24.
Our analysis focuses on detecting and quantifying the changes which
happened during immersion by implementing image subtraction on
our pre-processed (i.e., conversion to grayscale, recursive realignment)
optical images. It is noted that the images have been converted to
grayscale, as such each pixel has an associated gray-level. With the
imaging mode used (i.e., brightfield imaging), local corrosion is gen-
erally observed as pixel darkening. This happens because local corro-
sion changes the surface by either wearing some parts away or adding
corrosion products, both of which makes the surface rougher. A
rougher surface scatters more light away, causing the pixels to look
darker in the image. The subtraction was generally performed with
respect to the first image acquired during immersion (i.e., image @ 0 s
of immersion – image@ x s of immersion) unless otherwise stated. This
subtraction process generated the global activity map (GAM) for the
sample at time x. The GAM shows change in gray-level of individual
pixels (i.e., pixel activity). A built-in ImageJ look-up table (i.e., Fire)
was used to recolour the GAMs to enable easier visualisation of the
magnitude of the changes. The activity levels depicted in the GAMs
range from 0 to 255, with 0 indicating no change with respect to the
initial condition. A threshold can be applied to the GAM to balance
signal to noise ratio and quantify the affected area percentage (Eq. 1).
Cross-referencing of the evolution of surface activity with the micro-
structure was achieved by overlaying the microstructure map obtained
through SEM on to the GAMs. The map can then be used to isolate
specific areas of the GAM for analysing local surface changes (i.e., IMP
level). The changes were visualized through simplified pixel activity
level distribution (sPAD) plots24. These plots present the maximum
(maxAL), median (midAL), and minimum (minAL) activity levels as a
function of time for the set of pixels on the IMP surface. The midAL is

useful for looking at the overall behaviour of the surface. Meanwhile,
the maxAL and the midAL provide additional sensitivity to changes
during early- and late-stage corrosion, respectively.

Affected area% ¼ No:of pixels with activity level≥ threshold
Total number of pixels in sample surface

x100%

ð1Þ
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