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1. Introduction 

The development of novel 5XXX series aluminum-magnesium (Al-Mg)-based 
alloys is of great interest to the defense community for both land and sea 
applications due to their light weight, medium strength, good weldability, and good 
corrosion resistance.1 Recent publications in open literature have shown rapid 
interest and development of high-strength, precipitation-hardenable 5XXX series 
alloys that are Al-Mg-Zn-Cu based.2–35 This new subclass of alloys, dubbed 
“crossover” alloys, contains elevated levels of Zn in the alloys compared with 
traditional 5XXX series alloys, which nominally shift the equilibrium phase field 
from α + ß to an α + τ phase field. This change in equilibrium phase field is 
important for multiple reasons. First, precipitation hardening adds more strength 
than conventional 5XXX alloys, which are only strengthened by solid solution 
strengthening of Mg additions and cold work via rolling and/or stretching. Second, 
precipitation of the ß-phase along grain boundaries at temperatures below 100 °C 
has long been known to be a problem with 5XXX series alloys due to increased 
susceptibility of intergranular corrosion (IGC), which leads to decreased strength 
and elevated risk of catastrophic cracking due to environmentally assisted cracking 
(EAC).36–39 This phenomenon, known as sensitization, has not been as prominent 
in crossover alloys with some alloy compositions showing immunity.10,19,24,35 
Third, crossover alloys have shown the ability to not suffer from hot cracking and 
possess high-welded strengths20,27,28 in addition to resistance to stress corrosion 
cracking (SCC).7,34 However, further research is needed to fully understand EAC 
behavior of crossover alloys and how they compare with conventional 5XXX series 
alloys. 

The goal of this study was to determine the susceptibility of crossover alloy 5180 
to SCC as a function of Cu concentration because the susceptibility of Al alloys to 
SCC is sensitive to Cu content. Two different compositions of 5180 were evaluated 
on plate in a hot rolled condition (F-temper) and in a solution-treated, water-
quenched, and peak-aged condition (T6-temper). Stress corrosion testing was 
performed using C-ring test specimens subjected to an alternate immersion test 
procedure in a neutral NaCl environment according to the requirements of MIL-
DTL-46027M40 In addition, samples were characterized for their mechanical 
properties, microstructure, and general corrosion resistance.  
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2. Methods and Procedures 

In this investigation, AA5180 was evaluated with two different levels of Cu whose 
actual composition, as measured by inductively coupled plasma-optical emission 
spectroscopy (ICP-OES), can be found in Table 1. Here, the final Cu compositions 
were 0.104 wt% for alloy 2A2 and 0.226 wt% for alloy 2B. The alloys were first 
direct chill cast, sectioned into rolling blocks, scalped, homogenized, hot rolled 
from 3.75 inches to a final thickness of 1.5 inches, and forced air cooled to produce 
the F-temper plate. The final plates for this study are shown in Figure 1 with the 
rolling direction (RD) and transverse direction (TD) labeled on the image.  

Table 1. Composition of each alloy as measured by ICP-OES in wt%. 

Alloy Al Mg Zn Cu Mn Zr Ti Fe Cr Ni Si Sc 
2A2 Bal 3.850 2.309 0.104 0.191 0.138 0.088 0.039 0.002 0.005 0.063 0.037 
2B Bal 3.953 2.286 0.226 0.191 0.148 0.096 0.041 0.002 0.006 0.078 0.037 
 

 
Figure 1. The as-received plates with the RD and TD labeled for alloy 2A2 and 2B. 

The quasi-static tensile mechanical properties of each alloy plate were determined 
using 0.25-inch-thick, ASTM B55741 subsize dog bone tensile specimens cut in the 
TD of the plates (Figure 2). Samples were tested in both the F-temper and the peak-
aged T6-temper. In addition, Rockwell B hardness (HRB) was performed on the 
rolled surface and at one half the thickness of the plate to evaluate through-
thickness mechanical properties. The T6-temper was produced by solution treating 
samples (dog bone and C-ring) at 485 °C for 1 h in a muffle furnace, water 
quenching, and dual step ageing at 90 °C for 24 h followed by 140 °C for 48 h in a 
convection oven. After completion of the 48-h time step, samples were removed 
from the oven and allowed to air cool.  
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Figure 2. The orientation of transverse tensile specimens and C-ring specimens prepared 
from the as-received plate. The symbol ℄ indicates the centerline of short direction in the 
plate.  

The microstructure of each alloy in the F-temper and T6-temper were investigated 
using multiple microscopy methods. Optical microscopy was performed on a 
KEYANCE VK-X1100 optical profilometer, whereas scanning electron 
microscopy (SEM) was performed at an accelerating voltage of 20 kV operated in 
backscattered electron (BSE) mode on a Hitachi SU3500. Energy-dispersive X-ray 
spectroscopy (EDS) was performed using the Bruker QUANTAX EDS system 
attached to the SU3500. All samples were hot mounted using Stuers Polyfast and 
ground to a 1200-grit CAMI (Coated Abrasives Manufacturing Institute) finish 
using silicon carbide grinding papers. Samples were then polished successively 
using water-based, 1- and 0.25-µm diamond slurries while rinsing with deionized 
(DI) water after each polishing step. Final polishing was completed using 0.05-µm 
Beuhler MasterPrep polishing suspension, rinsed with DI water, and gently 
swabbed with a DI water-saturated (sat) cotton swab to remove residual polishing 
slurry from the alloy surface. Polished surfaces were rinsed with ethanol and dried 
under a heated fan. Samples for optical microscopy were etched using Weck’s 
reagent composed of 4 g KMnO4 and 1 g NaOH/100-mL DI water. Samples were 
immersed for 90 s, rinsed with DI water, and dried with compressed nitrogen gas. 

Stress corrosion testing was evaluated according to MIL-DTL-46027M,40 which 
specifies the use of C-ring corrosion testing via ASTM G3842 and G47.43 C-rings 
were prepared following ASTM G3842 with samples having an outside diameter of 
1 inch and thickness of 0.075 inch oriented in the short-transverse (ST) direction as 
shown in Figure 2.* Samples were preloaded to either 30 ksi per MIL-DTL-
46027M40 or 35 ksi in some cases per MIL-DTL-32505B44 (Table 2) by tightening 
a nut and bolt assembly to a specified strain as determined from the elastic portion 
of stress–strain curves generated from tensile testing in the ST direction. The nut 

 
*The rolling direction of the plate is the same as the longitudinal (L) direction, the transverse 
direction is the transverse (T) direction, and the normal direction (ND) is the short (S) direction. 
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and bolt assembly was isolated from galvanic coupling by coating the sample 
surface with beeswax, leaving only the stressed area of the C-ring exposed to 
solution. The C-ring specimens were then placed vertically in an alternate 
immersion corrosion chamber as shown in Figure 3 and exposed to a repeating 
cycle of 10 min full immersion followed by 50 min of drying in pH = 7, naturally 
aerated, 3.5 wt% NaCl solution. The wet–dry cycle was carried out using 
submersible pumps, and the solution level was replenished with 18.2 MΩ DI water 
as needed to maintain constant NaCl concentration. In addition, the air temperature 
in the immersion chamber was maintained at 27 ± 1 °C and a relative humidity of 
45% ± 10% per ASTM G4445 for the duration of the test. Nine samples in each 
condition listed in Table 2 were tested. If a minimum of five of nine samples 
survived more than 96 h without cracking, then the alloy plate is deemed to pass 
minimum qualification standards for MIL-DTL-46027M40 and MIL-DTL-
32505B.44 

Table 2. Applied load to each alloy and temper. 

Alloy Applied load 
Alloy 2A2-F 30 ksi 
Alloy 2A2-F 35 ksi 
Alloy 2B-F 30 ksi 

Alloy 2A2-T6 30 ksi 
Alloy 2B-T6 30 ksi 

 

 
Figure 3. Placement of C-ring specimens in the test chamber. 
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The corrosion behavior of each alloy and temper was evaluated on the long-
transverse (LT), long-short (LS), and ST planar surfaces in naturally aerated 
quiescent 3.5 wt% NaCl (pH = 6). Samples were allowed to rest at their open circuit 
potential (OCP) for 4 h and then polarized at a scan rate of 10 mV/min from  
−0.3 V versus OCP to +0.7 V versus OCP or to a current density of 10 mA/cm2, 
whichever came first. An electrochemical flat cell with working electrode, platinum 
mesh counter electrode, and sat Ag/AgCl reference electrode with a working 
electrode area of 1 cm2 was used for all electrochemical tests. A minimum of three 
replicates of each measurement was made to ensure repeatability.  

3. Results and Discussion 

3.1 Microstructure 

The microstructure of each alloy was investigated using optical microscopy and 
SEM as shown in Figures 4–7. Images were taken on the planar face of the three 
principal directions to investigate texture and grain-size differences, which are well 
known to influence SCC. The optical image of alloy 2A2-F in Figure 4a revealed 
large, mostly equiaxed grains on the LT surface on the order of 100 µm in diameter 
with the grains becoming slightly elongated in the L direction. The grains showed 
a remnant dendritic morphology from the cast dendritic structure that was not 
broken up during homogenization and hot rolling of the plate. Meanwhile, the LS 
surface revealed grains that were elongated in the L direction while grains on the 
ST surface were mostly equiaxed and possessed the smallest grain diameters of the 
three surfaces. Backscattered SEM images of alloy 2A2-F revealed the presence of 
both bright and dark contrast areas along the grain boundaries as shown in 
Figure 4b. The dark phases were confirmed to not be pores via secondary electron 
imaging, indicating the presence of a light secondary phase. Compared with the 
alloy 2A2-F, the grain structure of alloy 2A2-T6 captured with optical microscopy 
did not show the remnant dendritic grain morphology in alloy 2A2-F, indicating 
further homogenization (Figure 5a). The grains did show a similar trend with 
slightly elongated grains in the L direction on the LT and LS surfaces with some 
grains becoming slightly elongated in the TD of the ST surface. The BSE images 
of alloy 2A2-T6 (Figure 5b) show a reduction in the total number of bright contrast 
phases along grain boundaries while the presence of the dark contrast phase 
remained after solution treatment. The observations made for alloy 2B are the same 
as those for alloy 2A2, as shown in Figures 6 and 7. Thus, further examination of 
the bright and dark contrast phases will only be presented for alloy 2B. 
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 (a) (b) 

Figure 4. Characteristic microscopy images of alloy 2A2-F using (a) optical microscopy 
and (b) BSE imaging. Scale bars are 100 µm.  

 
 (a) (b) 

Figure 5. Characteristic microscopy images of alloy 2A2-T6 using (a) optical microscopy 
and (b) BSE imaging. Scale bars are 100 µm.  
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 (a) (b) 
Figure 6. Characteristic microscopy images of alloy 2B-F using (a) optical microscopy and 
(b) BSE imaging. Scale bars are 100 µm. 

 
 (a) (b) 
Figure 7. Characteristic microscopy images of alloy 2B-T6 using (a) optical microscopy 
and (b) BSE imaging. Scale bars are 100 µm. 

Higher magnification BSE images were captured on alloy 2B-F accompanied by 
EDS mapping as shown in Figure 8. Three different phase morphologies were 
observed in the BSE image in the top left image: a very large bright contrast particle 
that was rich in Mn, Sc, Si, Ti, and Zr, very small bright contrast phases that were 
too small to be captured within the spatial resolution of EDS mapping at this 
magnification, and dark phases that were rich in Mg and Si. Point analysis of these 
dark phases provided a stoichiometry similar to that of Mg2Si. The small bright 
phases were investigated at even higher magnification as shown in Figure 9 with 
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corresponding EDS elemental maps. These phases were rich in Mg and Zn, which 
indicates that they are likely to be either equilibrium τ-phase or a metastable variant. 
Figure 9 also shows the presence of an Mn-rich phase in the top left of the image, 
indicating formation of Al–Mn particles. These Al–Mn particles were observed 
throughout each sample along grain boundaries with a typical diameter between  
1 and 10 µm. Investigation of higher magnification images of alloy in the T6 
condition in Figure 10 did not show the presence of the (Mg, Zn)-rich phase along 
the grain boundaries, which indicated successful solution treatment of the T6 alloys. 
The only phases that were observed along grain boundaries were Mg2Si and Al–
Mn, which also showed incorporation of Fe (shown in Figure 10), which is typical 
of Al6(Mn,Fe). Further characterization of the nanostructure of each alloy by 
transmission electron microscopy was not completed as part of this study. 

 
Figure 8. EDS mapping of large bright and dark contrast particles found on alloy 2B-F. kα 
energies were used to construct maps of all elements except for Zr, which used the Lα energies. 
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Figure 9. High-magnification EDS mapping of alloy 2B-F with EDS spectra of grain 
boundary precipitates. kα energies were used to construct maps of all elements. 
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Figure 10. High-magnification EDS mapping of alloy 2B-T6 with EDS spectra of grain 
boundary precipitates. kα energies were used to construct maps of all elements. 

3.2 Mechanical Properties 

The mechanical properties of each alloy were assessed in both the F-temper and 
T6-temper using HRB and tensile testing. The hardness for alloy 2A2 and 2B in 
both the F-temper and T6-temper were greater than the typical hardness of 5083-
H131 on both the LT surface and one-half the thickness of the plate (Figure 11a). 
The average hardness was larger in the T6-temper than the F-temper but nearly 
15 HRB lower than 5180 in a T10-temper, which is a cold-worked and peak-aged 
temper. An example of an engineering stress–strain curve in the TD for each alloy 
and temper is shown in Figure 11b with the mean values and standard deviation for 
the elastic modulus, yield strength, ultimate tensile strength (UTS), and percent 
elongation to failure for both variants of AA5180 is given in Table 3. The transverse 
yield strength in both tempers is below minimum qualification standard for all 
classes of MIL-DTL-46027M40 plate while the UTS meets minimum specification 
for all classes. The only exception is alloy 2A2-T6, which did not meet the 
minimum value of UTS for AA5059. Both alloys in each condition showed 
exceptional ductility of greater than 17.2%, which far exceeds the minimum 
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requirements for all classes of MIL-DTL-46027M.40 The tensile properties 
measured here are very promising because they were measured in the transverse 
direction and the tensile mechanical properties for minimum qualification on MIL-
DTL-46027M40 are for tensile bars stressed in the longitudinal direction, which 
typically exhibit greater strength than those measured in the transverse direction. 
However, the low rolling reduction here compared with a full-size industrial 
production ingot is expected to provide different tensile behavior, particularly in 
the transverse direction where grains become much more elongated in the 
longitudinal direction in the rolling direction. 

 
 (a) (b) 

Figure 11. (a) The mean HRB measured on the LT surface and at t = 1/2 on the LS surface. 
(b) A typical transverse engineering stress–strain curve for each alloy in the F-temper and T6-
temper. Error bars are one standard deviation of the mean. 

Table 3. Mean elastic modulus (E), 0.2% yield strength (σ0.2), UTS (σUTS), and % elongation 
to failure measured from tensile testing in transverse dog bone tensile specimens.  

Alloy E (ksi) σ0.2 (ksi) σUTS (ksi) %Elongation to failure 
Alloy 2A2-F 10,657 ± 336 35.8 ± 0.73 53.9 ± 1.4 17.2 ± 4.9 
Alloy 2A2-T6 10,231 ± 136 33.9 ± 0.70 51.0 ± 0.46 21.9 ± 0.60 
Alloy 2B-F 10,0071 ± 1021 35.3 ± 0.54 54.4 ± 0.75 18.5 ± 4.3 
Alloy 2B-T6 10,165 ± 1637 34.4 ± 0.38 53.1 ± 0.47 17.5 ± 4.3 

Note: The ±error is one standard deviation of the mean. 

3.3 C-Ring Testing 

The results of C-ring testing are summarized in Table 4 where both alloys in every 
condition passed minimum requirements of MIL-DTL-46027M40 and alloy 2A2-F 
temper passed MIL-DTL-32505B.44 Samples in the F-temper did not fail after  
28-day exposure and were removed from testing. Samples in the T6 condition 
passed MIL-DTL-46027M40 for both alloys, but all samples cracked upon handling 
for inspection on day 15. The discrepancy of failure time between the F-temper and 
T6-temper requires further investigation, but residual stresses from solution 
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treatment and water quenching are posited to be contributing factors. In addition, 
anodic dissolution-induced cracking is a possibility initiated by IGC or pitting 
corrosion, which will be explored below, but the passing grade for both tempers is 
likely linked with the high tensile ductility of each alloy. 

Table 4. Summary of time to failure for C-rings per the test matrix in Table 2. 

Alloy Applied load Time to failure Pass MIL-DTL-46027M? 
Alloy 2A2-F 30 ksi None after 28 days All pass 
Alloy 2A2-F 35 ksi None after 28 days All pass 
Alloy 2B-F 30 ksi None after 28 days All pass 

Alloy 2A2-T6 30 ksi All fail on day 15 All pass 
Alloy 2B-T6 30 ksi All fail on day 15 All pass 

 
The fracture surfaces of multiple samples were examined. An example of a typical 
fracture surface is given in Figure 12a for alloy 2A2-T6 and Figure 12b for  
alloy 2B-T6. The fracture surfaces contain smooth features typical of intergranular 
fracture. Some micro dimpling was observed on certain samples at high 
magnifications (Figure 12c), but the smooth intergranular surfaces were dominant.  

Cross-sectional micrographs of cracked C-rings are shown in Figure 13 where the 
as-polished cross section of alloy 2A2-T6 (Figure 13a) shows the crack opening at 
the outer edge of the C-ring at the top of the image. The crack initiated slightly off 
from the centerline of the C-ring and propagated in a linear manner through the 
cross section with branching of the crack observed at the rear of the C-ring. The 
same sample of alloy 2A2-T6 was etched with Weck’s reagent (Figure 13b), which 
confirmed that the crack path propagation followed along grain boundaries and not 
in a transgranular manner. The same features are observed in Figure 13c and d for 
a cross-sectional micrograph of alloy 2B-T6, confirming an intergranular fracture 
path. The as-polished sample of alloy 2A2-T6 shown in Figure 13a revealed the 
presence of two pits to the left of the crack initiation site, which is consistent with 
IGC. Thus, evidence indicates crack initiation by IGC attack. 

Without knowledge of the precipitate fraction, morphology, and composition 
gradient and width of precipitate free zones along grain boundaries, it is difficult to 
provide further insight as to why the T6-temper cracked and the F-temper did not. 
An understanding of the grain boundary microstructure is of utmost importance 
because the electrochemical potential of the bulk matrix and precipitate free zone 
is a function of composition and the OCP can vary greatly as shown with various 
compositions of solution-treated crossover alloys.35 The local dissolution and 
resulting chemistry at the crack tip is important for propagation of the crack with 
the applied stress and how the stress field of the crack tip interacts with the grain 
boundary microstructure. With an understanding of this, heat treatments can be 
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modified to tailor the grain boundary microstructure to provide increased resistance 
to crack initiation and propagation.  

 
(a) 

 
(b) 

 
(c) 

Figure 12. Fracture surfaces of (a) alloy 2A2-T6 and (b) alloy 2B-T6. (c) Higher 
magnification image of alloy 2A2-T6.  
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Figure 13. Cross-sectional micrographs of cracked C-rings for alloy 2A2-T6 (a) as polished 
and (b) etched with Weck’s reagent; alloy 2B-T6 (c) as polished and (d) etched with Weck’s 
reagent. 

3.4 Electrochemical Evaluation 

A median result for the OCP versus time and corresponding polarization scan is 
shown in Figure 14 for both alloys in each temper. The OCP versus time transient 
for alloy 2A2 for both tempers on the LT, SL, and ST surfaces was (Figure 14a) 
stabilized after the 4-h immersion time in quiescent 3.5 wt% NaCl solution. The 
final OCP was similar among all alloys except for alloy 2A2-T6 on the LT surface, 
which was more negative. The polarization scans in Figure 14b showed many 
notable features. The cathodic kinetics displayed a linear Tafel region from 
approximately −0.925 V versus sat Ag/AgCl to −1.2 V versus sat Ag/AgCl with a 
high slope indicating mixed mode activation control and diffusion-controlled 
reaction kinetics. The anodic branch displayed two linear regions: one near the 
corrosion potential (Ecorr) and one at a more positive potential. The Tafel slope near 
Ecorr was the steeper of the two anodic regions with the transition between the two 
noted as a breakdown potential (Ebd). The breakdown potential was not always an 
abrupt change in slope characteristic of pitting and was determined as the 
intersection point of linear fitting between the two regions. This breakdown 
potential is likely indicative of IGC attack given the physical observations of IGC 
on the C-rings in Figure 13. The mean fit values for Ecorr, icorr, ßa, ßc, Ebd, and the 
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difference between the breakdown potential and corrosion potential (Ebd – Ecorr) 
measured from Tafel extrapolation is given in Table 5. For alloy 2B, the OCP was 
also shown to stabilize after the 4-h immersion time. The OCP of alloy 2B was 
slightly more noble than that of alloy 2A2, which is likely due to the additional Cu 
content that has been observed in other crossover alloys.35 Meanwhile, the 
polarization behavior of alloy 2B possessed similar characteristic features to those 
described above from alloy 2A2.  

 
Figure 14. (a–d) Typical result from polarization scans on each alloy in the F-temper and 
T6-temper immersed in quiescent 3.5 wt% NaCl with a scan rate of 0.1 mV/s. 
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Table 5. Mean values of Ecorr, icorr, ßa, ßc, Ebd, and Ebd – Ecorr measured from Tafel 
extrapolation of polarization scans on each alloy in the F-temper and T6-temper.  

Temper Alloy 

Ecorr 
(mV vs. sat 
Ag/AgCl) 

icorr 
(µA/cm2) 

ßa 

(mV/dec) 
ßc 

(mV/dec) 
Ebd 

(mV vs. sat 
Ag/AgCl) 

Ebd − Ecorr 

(mV) 

avg std avg std avg std avg std avg std avg std 

F 

2A2 LT −864 12 0.527 0.15 39.4 10 −332 96 −816 4.1 48.2 14 
2A2 SL −886 28 0.377 0.042 59.6 22 −228 25 −808 12 78 27 
2A2 ST −948 65 0.387 0.21 293 261 −186 64 −818 5.2 131 60 
2B LT −863 29 2.01 1.3 66.9 22 −323 96 −809 2.4 53.2 29 
2B SL −849 32 0.437 0.17 57.8 22 −253 26 −786 18 63 16 
2B ST −842 11 0.503 0.22 39.4 11 −328 32 −804 2.4 38 13 

T6 

2A2 LT −818 12 0.328 0.11 42.2 11 −475 137 −772 2.0 46 11 
2A2 SL −843 67 0.301 0.12 72.8 51 −279 94 −765 25 78.2 54 
2A2 ST −843 57 0.468 0.089 57.2 45 −347 127 −775 19 62.7 50 
2B LT −789 14 0.581 0.09 36.7 15 −436 72 −772 4.9 22 9 
2B SL −839 11 0.374 0.11 39.1 4.6 −290 40 −784 19 54.5 10 
2B ST −800 13 0.677 0.20 33.7 9.5 −415 97 −761 3.1 39.0 15 

NOTE: The ±error is one standard deviation (std) of the mean. 

The mean Ecorr and icorr from Tafel extrapolation is provided in Figure 15 for easier 
visual inspection than Table 5. The Ecorr of alloy 2A2 (Figure 15a) was measured 
to be relatively constant for all orientations in the T6-temper, whereas Ecorr F-
temper was measured to decrease in the order LT > SL > ST. This trend was also 
true for alloy 2B for the F-temper (as shown in Figure 15b), although the standard 
deviations for Ecorr of alloy 2B-F were large. Meanwhile, Ecorr of alloy 2B-T6 was 
more noble than that of the F-temper with Ecorr being similar for alloy 2B-T6 LT 
and ST and the least noble for alloy 2B-T6 SL. The mean Ebds were observed to be 
more noble in the T6 condition for both alloys with Ebd being more noble for alloy 
2B versus alloy 2A2. The difference between Ecorr and Ebd was the greatest on the 
ST surface of alloy 2A2-F due to the negative mean Ecorrs measured. The anodic ß 
measured for alloy 2A2-F ST was very high at 293 mV/dec showing the presence 
of some diffusion-controlled anodic dissolution, but the sample-to-sample variation 
was also very large. All other anodic s were less than 100 mV/dec, which does not 
typically indicate any diffusion-controlled reactions, which is indicative of passive 
film formation. The origin of the high anodic Tafel slope measured on alloy 2A2-
F on the ST surface is not readily apparent and requires further study. 

The mean corrosion rate given in Figure 15c for alloy 2A2 and Figure 15d for alloy 
2B reveals that alloy 2A2 generally has a corrosion rate lower than that of alloy 2B. 
For alloy 2A2, icorr was lower in the T6-temper except for on the ST surface where 
icorr was similar to that of the F-temper. In contrast, alloy 2B showed much greater 
variation in icorr with alloy 2B-F having the highest corrosion rate on the LT surface. 
The corrosion rate of the F-temper decreased nearly four times from the LT surface 
to the SL and ST surfaces. Meanwhile, the icorr of alloy 2B-T6 was highest on the 
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ST surface where the mean value was greater than that of the F-temper. In C-ring 
testing, the higher corrosion rate of the T6-temper on the ST surface could provide 
increased susceptibility to IGC and initiation of SCC. Furthermore, the T6-temper 
for both alloy compositions possessed a smaller value of Ebd – Ecorr on the ST 
surface than the F-temper, which also indicates increased susceptibility to IGC 
attack and could help rationalize the increased susceptibility of the T6-temper to 
SCC.  

 
Figure 15. The mean Ecorr (solid symbols) and Ebd (open symbols) for (a) alloy 2A2 and (b) 
alloy 2B with the mean corrosion rate for (c) alloy 2A2 and (d) alloy 2B measured from Tafel 
extrapolation of the polarization scans. Error bars are one standard deviation of the mean. 

4. Conclusions 

This study demonstrated the resistance of alloy 5180 to SCC with a low content of 
Cu (≈0.1 wt%) and high content of Cu (≈0.225 wt%) due to the exceptional ductility 
of both alloys. C-ring testing did not reveal a difference in susceptibility to SCC 
with Cu concentration, whereas only samples in the T6-temper cracked during the 
28-day duration of the test. Cracking in the T6 condition was linked to intergranular 
fracture likely aided by IGC attack on the exposed alloy surface.  
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List of Symbols, Abbreviations, and Acronyms 

Al aluminum 

Ag silver 

AgCl silver chloride 

ß Tafel slope 

Bal balance 

BSE backscattered electron 

CAMI Coated Abrasives Manufacturing Institute 

Cr chromium 

Cu copper 

DI deionized 

E elastic modulus 

EAC environmentally assisted cracking 

Ebd breakdown potential 

Ecorr corrosion potential 

EDS energy dispersive X-ray spectroscopy 

Fe iron 

HRB Rockwell B hardness (scale) 

icorr corrosion rate 

ICP-OES inductively coupled plasma-optical emission spectroscopy 

IGC intergranular corrosion 

KMnO4 potassium permanganate 

LT long-transverse 

LS long-short 

Mg magnesium 

Mn manganese 

NaCl sodium chloride 
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NaOH sodium hydroxide 

ND normal direction 

Ni nickel 

OCP open circuit potential 

RD rolling direction 

sat saturated 

Sc scandium 

SCC stress corrosion cracking 

SEM scanning electron microscopy 

σ0.2 yield strength 

Si silicon 

ST short-transverse 

Std standard deviation 

TD transverse direction 

Ti titanium 

UTS ultimate tensile strength 

wt% weight percent 

Zn zinc 

Zr zirconium 
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