
 

 

Trans. Nonferrous Met. Soc. China 32(2022) 765−777 

 
Diversity of intergranular corrosion and stress corrosion cracking for 

5083 Al alloy with different grain sizes 
 

Jin QIN1,2, Zhi LI3, Ming-yang MA1,2, Dan-qing YI1,2, Bin WANG1,2 
 

1. School of Materials Science and Engineering, Central South University, Changsha 410083, China; 

2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education, 

 Central South University, Changsha 410083, China; 

3. The Second Research Institute of Civil Aviation Administration of China, Chengdu 610064, China 
 

Received 15 April 2021; accepted 16 November 2021 
                                                                                                  

 
Abstract: 5083 Al alloy sheets with different grain sizes (8.7−79.2 μm) were obtained by cold rolling and annealing. 
Their microstructures, intergranular corrosion (IGC), stress corrosion cracking (SCC), and crack propagation behaviors 
were investigated. The results showed that samples with coarse grains exhibit better IGC resistance with a corrosion 
depth of 15 μm. The slow strain rate test results revealed that fine-grained samples exhibit better SCC resistance with a 
susceptibility index (ISSRT) of 11.2%. Furthermore, based on the crack propagation mechanism, grain refinement can 
improve the SCC resistance by increasing the number of grain boundaries to induce the corrosion crack propagation 
along a tortuous path. The grains with {011} orientation could hinder crack propagation by orientating it toward the 
low-angle grain boundary region. The crack in the fine-grained material slowly propagates due to the tortuous path, and 
low H+ and Cl− concentrations. 
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1 Introduction 
 

With rapid development of the manufacturing 
and processing industry and intensified world 
energy shortage, the shipbuilding, automobile, rail 
traffic, and other industries require lightweight 
structural parts that satisfy the required strength. 
Particularly, 5083 Al alloy is widely used for its 
excellent welding performance and good corrosion 
resistance [1]. Owing to its anti-corrosive property, 
5083 Al alloy is currently employed as a ship 
material that can mitigate intergranular corrosion 
(IGC) and stress corrosion cracking (SCC) for 
long-term exposure to seawater [2,3].  

The IGC/SCC susceptibility of Al−Mg alloys 
is influenced by their microstructures, such as grain 
orientation, alloying elements, solution chemistry, 

grain size, precipitates, and heat-treatment methods. 
LI et al [4] reported that 5083 Al alloys dominated 
by brass grains exhibit the highest resistance to 
SCC with a stress corrosion susceptibility index 
(ISSRT) of 11.7%. MENG et al [5] suggested that the 
SCC resistance of an Al−Mg alloy is significantly 
improved by Zn addition in an acidified NaCl 
solution; SCC susceptibility was nearly eliminated 
when the Zn content was 1.0%. ZHAO et al [6] 
reported that the addition of Zn improves the 
corrosion resistance of an Al−Mg alloy, finding the 
optimal amount to be 0.31% Zn, which precluded 
the precipitation of the β-phase (Al3Mg2) at the 
grain boundary (GB). FAN et al [7] noted grain 
refinement as an effective approach to enhancing 
strength and SCC resistance, suggesting that the 
Mg/Si ratio could be used as a critical indicator  
for the development of novel, advanced, corrosion- 
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resistant Al−Mg alloys. DING et al [8] showed that 
when the annealing temperature was changed from 
200 to 220 °C, the 5083 Al alloy transformed from a 
sensitized to stabilized state, corresponding to the 
change in the nucleation position of β precipitates 
from GBs to triple junctions. MA et al [9] 
demonstrated that the good corrosion resistance of 
Al−Mg alloys retrogressed at 405 and 420 °C. 

Grain size variations are known to affect GB 
density of an alloy, as well as GB size and angle 
ratio, thereby affecting its SCC performance [10]. 
The literature includes contradicting results on the 
influence of grain size on SCC behavior. HUANG 
et al [11] succeeded in increasing the GB area of an 
AZ80 Mg alloy through grain refinement which 
was achieved by reducing the mismatch between 
the passivation film and metal matrix and 
enhancing the cohesion of the interface, thereby 
improving the stress corrosion resistance of the 
alloy. SUN et al [12] demonstrated the coarse-grain 
area of the surface layer of an LY12 Al alloy as an 
effective corrosion barrier that could slow down the 
IGC rate, thereby reducing the stress corrosion 
resistance of the alloy. TSAI and CHUANG [13] 
found that a fine-grained 7475 Al alloy sheet has 
better stress-corrosion resistance that can be 
attributed to its grain refinement, leading to a more 
uniform sliding mode and smaller GB precipitates. 
In addition, the coarse grains were found to 
improve the SCC performance of the alloy. 
AEGADE et al [14] studied the SCC behavior of 
coarse, fine, and ultra-fine-grained Al−Mg−Sc−Zr 
alloys. They found that ultra-fine-grained Al−4Mg− 
0.8Sc−0.08Zr is extremely sensitive to SCC, having 
an ISSRT of 55%. The high GB area per unit volume 
in the ultra-fine grains makes it easier for hydrogen 
to diffuse in the matrix, promoting its sensitivity to 
SCC. OSÓRIO et al [15] reported the improved 
corrosion resistance of the coarse-grained, relative 
to fine-grained, columnar and equiaxed structures in 
Al castings. These findings were similar to those 
obtained by MAHMOUD [16]. 

For corrosion-resistant 5083 Al alloy, the 
influence of the grain size on the SCC sensitivity 
has not been systematically studied. Owing to its 
wide applications in the transportation industry, it is 
imperative to investigate the corrosion resistance of 
5083 Al alloy. In this study, the effect of grain sizes 
on the susceptibility of this alloy to SCC was 
assessed. The IGC test, slow strain rate test (SSRT), 

and electron back-scattered diffraction (EBSD) 
were used to compare the corrosion and SCC 
behavior of 5083 Al alloy plates with different grain 
sizes, revealing their related mechanisms on SCC 
behavior. Based on the relationship between SCC 
and grain size, better performance can be produced 
in the manufacturing process of 5083 Al alloy. 
 
2 Experimental 
 
2.1 Material preparation 

A 12.0 mm cold-rolled 5083 Al sheet, provided 
by Henan Mingtai Aluminum Co., Ltd. (China), 
was used in this study. It had a nominal composition 
of 4.38 wt.% Mg, 0.64 wt.% Mn, 0.25 wt.% Si, and 
0.27 wt.% Fe, with the balance Al. To prepare 
samples with different grain sizes, the 5083 Al sheet 
was cold rolled to different thicknesses with the 
rolling reduction rates of 5%, 8%, 10%, 15%, 25%, 
50%, and 75%, respectively. 

The cold-rolled sheets were then annealed at 
400 °C for 1 h. Subsequently, the samples were 
annealed at 170 °C for 24 h to eliminate internal 
stress (sensitization) without affecting the grain size. 
To prove that recrystallization occurred at 400 °C 
and that the annealing at 170 °C did not affect the 
grain size, Fig. 1 shows the Vickers hardness of  
the 5083 Al alloy obtained at different annealing 
temperatures. The cold-rolled sheets were annealed 
at different temperatures from 200 to 290 °C, 
resulting in various levels of recovery/partial 
recrystallization and the Vickers hardness values in 
the range of HV 75−110. The significant drop in 
hardness at 250 °C can be attributed to the primary  

 

 
Fig. 1 Evolution of Vickers hardness of 5083 Al alloys 

during annealing at different temperatures [4]  
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recrystallization process, which can reduce the 
dislocation density [17,18]. This implies that 
recrystallization occurred at annealing temperature 
of 250 °C and higher. Moreover, to determine the 
effect of the grain size on the SCC performance of 
the 5083 Al alloy, four samples with grain sizes of 
8.7 μm (Sample 1), 24.4 μm (Sample 2), 43.7 μm 
(Sample 3), and 79.2 μm (Sample 4) were 
produced. 
 
2.2 IGC and electrochemical performance 

The samples were ground, polished, and then 
immersed in concentrated nitric acid at 30 °C for 
24 h. The IGC resistance of four samples was 
assessed using a nitric acid mass loss test (NAMLT) 
following ASTM G67−04. The cross-sectional 
depth of the polished and corroded sample was 
measured under an optical microscope to assess  
the intergranular damage. A potentiodynamic 
polarization test was performed on a CS2350 
electrochemical workstation. To obtain the 
appropriate polarization interval, the working 
electrode was placed in a 3.5 wt.% NaCl solution at 
25 °C for 0.5 h before the test. The electrode 
polarization was conducted at a potential interval of 
±0.6 V and scanning speed of 1 mV/s. To ensure 
reproducibility, all electrochemical measurements 
were performed at least three times. 
 
2.3 SSRT 

SSRT was carried out on a slow strain rate 
tensile test machine (YYF−50) to analyze the SCC 
behavior of the samples. After mounting the tensile 
test specimen on the machine, a stress of 
approximately 100 N was preloaded and the strain 
rate was set to be 1.0×10−6 s−1. The experiment was 
then carried out in air and 3.5 wt.% NaCl solution. 
The test was repeated thrice for each sample. All 
specimens were abraded along the tensile direction 
using 400, 600, and 800 grit abrasive papers, and 
dried in cool air. After cleaning away the corrosion 
products, the fracture surfaces of the SSRT samples 
were observed by scanning electron microscopy 
(SEM). The relative plastic loss (Iδ) of the sample 
obtained after testing in air and NaCl solution was 
used to evaluate the SCC susceptibility, as shown in 
Eq. (1) [19]: 
 

sol

air

(1 ) 100%I



                         (1) 

where δair and δsol are the elongations in air and the 
solution, respectively. 
 
2.4 Microstructural characterization 

The morphological characteristics of the 
prepared samples were characterized by optical 
microscopy (POLYVER-MET), SEM (Quanta−200 
and FEI-Sirion−200), and EBSD. The 400#, 600#, 
800# sandpapers were used to grind the samples, 
then the samples are polished by 60 nm SiO2 
suspension to obtain a smooth surface without 
scratches. The sample was then etched with a 
Barker reagent (HBF4:H2O=5:195) at 20 V for 
5 min. The metallographic structure was observed 
under polarized light conditions. At least three 
photos were selected using Image J for each  
sample. Prior to the EBSD test, the specimens 
underwent electrolytic polishing in a mixture of 
90 vol.% ethanol and 10 vol.% perchloric acid at a 
polishing voltage and temperature of 25 V and 
−20 °C, respectively. The EBSD data were analyzed 
using Channel 5 analysis software. After 
performing SSRT, the crack propagation path of the 
samples with different grain sizes was traced using 
SEM and EBSD. 
 
3 Results and discussion 
 
3.1 Microstructure 

The metallographic structure of the alloy after 
annealing is shown in Fig. 2. Figure 2(i) presents a 
schematic diagram of the sample, showing the 
rolling direction (RD) and transverse direction  
(TD). The grains are well defined and elongated 
parallel to the RD. There are obvious differences in 
the grain characteristics of the 5083 Al alloy 
depending on the RD. For example, small equiaxed 
grains occur in Fig. 2(h). Using Image J software, 
the average grain sizes of all the samples are 
determined to be 23.5, 30.3, 44.2, 79.2, 59.6, 43.7, 
24.4, and 8.7 μm for rolling reduction rates of 0%, 
5%, 8%, 10%, 15%, 25%, 50%, and 75%, 
respectively. The grain sizes of the alloys are listed 
in Table 1. 

The relationship between the rolling reduction 
rate and grain size of the 5083 Al alloy after 
recrystallization is shown in Fig. 3. As the rolling 
reduction rate increases from 0% to 10%, the grain 
size of the alloy sharply increases, reaching a 
maximum of 79.2 μm at a rolling reduction rate of 
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Fig. 2 Metallographic structures of 5083 Al alloy after annealing with different rolling reduction rates: (a) 0%; (b) 5%; 

(c) 8%; (d) 10%; (e) 15%; (f) 25%; (g) 50%; (h) 75%; (i) Schematic diagram of sample 

 

Table 1 Grain sizes of 5083 Al alloy at different rolling 

reduction rates 
Rolling  

reduction rate/% 
0 5 8 10 15 25 50 75

Grain size/ 
μm 

23.5 30.3 44.2 79.2 59.6 43.7 24.4 8.7

 

 

Fig. 3 Relationship between rolling reduction rate and 

grain size of 5083 Al alloy after recrystallization 

10%. As the rolling reduction rate further increases, 
the grain size gradually decreases. The grain size of 
a recrystallized Al alloy depends on the nucleation 
and subsequent growth rates where the driving 
force is provided by the stored deformation energy; 
therefore, a minimum deformation is required to 
initiate recrystallization [20,21]. Figure 3 shows 
that the low degree of deformation during the 
cold-rolling process releases sufficient stored 
energy to trigger recrystallization, resulting in the 
equiaxed shape of the grains. At a rolling reduction 
rate of 10%, energy stored in the alloy can cause 
initial recrystallization; this value is defined as   
the critical deformation degree; however, critical 
deformation increases the possibility of uneven 
deformation in the alloy, resulting in a low 
nucleation rate and producing coarse recrystallized 
grains. With the increase in the amount of 
deformation, the nucleation and growth rates of the 
recrystallized grains increase more rapidly, leading 
to a decrease in the grain size. SHOU et al [22] 
studied the grain size and microstructure of 
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2524-T3 Al alloy and they found that coarse 
recrystallized grains can be obtained through the 
combined effects of a low nucleation rate and high 
growth rate. Particularly, as the degree of 
deformation increases, the nucleation and growth 
rates of the recrystallized grains increase more 
quickly, resulting in the decrease in the grain size, 
which is consistent with the results obtained in this 
study. 

The intermetallic inclusions in the 5083 Al 
alloy play a crucial role in determining its 
susceptibility to localized corrosion. Figures 4(a, b) 
show the SEM images of the intermetallic 
inclusions with their corresponding energy- 
dispersive spectroscopy (EDS) results. The white 
phase is elongated along the RD and distributed 
following a chain shape, whereas the gray phase is 
dispersed in the crystal. According to the results of 
previous studies, the white inclusion particles   
are Al6(Mn,Fe) phases, whereas the gray area is 
Mg2Si [23]. ImagePro 10 was used to measure the 
area fractions of the Al6(Mn,Fe) and Mg2Si particles 
in the four samples, which are found to be 1.7%, 
0.4%; 1.9%, 0.3%; 1.8%, 0.2%; and 1.7%, 0.2%, 
respectively. The distribution and number of 
intermetallic inclusions have minimal effect on the 
NAMLT results. 

 
3.2 IGC behavior 

Figure 5 shows the cross-sectional micro- 
structure of the four 5083 Al sheet samples after 
IGC. Localized corrosion occurs due to the loss of 

the bonding force among surface grains of  
Sample 1. The typical IGC morphology of  
Sample 1 is shown in Fig. 5(a), in which the largest 
corrosion depth of 36 μm is observed. Meanwhile, 
instead of a typical IGC morphology, Samples 2−4 
exhibit pitting corrosion on the corrosion surface, as 
shown in Figs. 5(b−d), respectively. Moreover, 
Sample 4 has the smallest corrosion depth of 15 μm. 
This conforms to the increasing trend in the IGC 
resistance of the alloy with an increase in the grain 
size. 

Generally, the different IGC behaviors of the 
5083 Al alloys with different grain sizes may be 
attributed to the GB distribution and energy level. 
Therefore, EBSD analyses were performed on the 
samples with fine and coarse grains. The EBSD 
results for Samples 1 and 4 are shown in Fig. 6, 
which demonstrates that recrystallization occurs 
during the annealing process. Most of the GBs in 
the samples are high-angle grain boundaries 
(HAGBs) with misorientation angles greater than 
15°, as shown in Fig. 6(c). However, the HAGB 
fraction of Sample 1 is 1.38 times greater than that 
of Sample 4. Meanwhile, the fractions of low-angle 
grain boundaries (LAGBs) in Samples 1 and 4 are 
16.5% and 39.4%, respectively. According to 
previous studies, GB misorientation affects     
IGC [24]. Since HAGBs have a higher energy  
level [25], fine-grained Al alloys could develop 
more local galvanic coupling between the grain 
boundaries and interiors, resulting in enhanced 
kinetic corrosivity [26]. LIU and ADAMS [27]  

 

 
Fig. 4 SEM images of intermetallic inclusions with corresponding EDS results: (a, b) Sample 1; (c) Sample 2;       

(d) Sample 3; (e) Sample 4 
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Fig. 5 Optical microscopy images of samples after IGC: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4 
 

 

Fig. 6 EBSD results for annealed samples: (a) Sample 1 [4]; (b) Sample 4; (c) GB misorientation distributions 
 
carried out Monte-Carlo simulations to determine 
the degree of Mg enrichment at the GBs of 
Al−10%Mg alloys at high working temperatures. 
Grain refinement increases the GB density and 
micro-coupling. In addition, the GBs accelerate the 
diffusion and segregation of the atoms, and promote 
corrosion propagation [28,29]. In summary, IGC is 
more likely to occur on fine grains than on coarse 
grains. 

A polarization curve is used to reveal the 
corrosion properties of an alloy. The polarization 
curves of the four samples obtained from the 
potential dynamic polarization test are shown in 
Fig. 7. The four samples exhibit similar polarization 
curves, indicating their similar polarization 
behavior. The corrosion potential (φcorr) and 
corrosion current density (Jcorr) derived from these 

 

 
Fig. 7 Polarization curves of 5083 Al samples 

 
curves are listed in Table 3. Sample 1 has the 
smallest φcorr of −0.936 V, denoting that it is more 
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prone to IGC. Moreover, it has the largest Jcorr of 
6.4×10−5 mA/cm2, indicating that it has the fastest 
corrosion rate. In contrast, Sample 4 has the largest 
φcorr of −0.889 V, suggesting that it is less likely to 
experience IGC. Similarly, CUI et al [30] found that 
fine-grained samples have a more negative  
potential, higher chemical activity, and fast 
corrosion rate. This result is consistent with the 
polarization curve of Sample 1, which has fine 
grains, indicating its faster corrosion rate and higher 
susceptibility to IGC. 
 
3.3 Slow strain rate test results 

The typical stress−strain curves of the four 
samples in air and 3.5 wt.% NaCl solution were 
 

Table 3 Polarization curve parameters of 5083 Al alloy 

samples 

Sample No. φcorr(vs SCE)/V Jcorr/(mAꞏcm−2) 

1 −0.936 6.4×10−5 

2 −0.910 6.0×10−5 

3 −0.905 6.1×10−5 

4 −0.889 5.8×10−5 

 
obtained from the SSRT, as shown in Fig. 8.    
The SCC susceptibilities of the samples were 
calculated according to Eq. (1). Their corresponding 
mechanical parameters are listed in Table 4. Sample 
1 has the lowest SCC susceptibility with an ISSRT of 
11.2%, indicating the best resistance to SCC among 
other samples. In contrast, Sample 4 exhibits the 
highest SCC susceptibility with an ISSRT of 40.5%, 
which is 72.3% higher than that of Sample 1, 
demonstrating the lowest resistance to SCC. Hence, 
samples with fine grains have better resistance to 
SCC than those with coarse grains. Moreover, the 
results in air show the relatively similar strength 
and elongation values for all samples. In contrast, 
there are clear differences noted on the elongation 
of the sample in NaCl solution. Sample 1 has the 
largest elongation of 21.4%, whereas Sample 4 has 
the smallest elongation of 13.2%. In addition, the 
elongation of the samples in NaCl solution is lower 
than that in air. This decrease in the elongation is 
attributed to the selective dissolution of the β-phase 
of the GB, which provides a path for IGC/IGSCC 
and causes the early fracture of the samples during 
SSRT in NaCl solution [31,32]. 

 

 
Fig. 8 SSRT tensile curves in air and 3.5 wt.% NaCl solution: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4 
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The SEM fracture morphologies of the 5083 
Al alloy samples tested in a 3.5 wt.% NaCl solution 
are shown in Fig. 9. There are considerable 
variations in the fracture surfaces of the samples. 
For Sample 1, a significant number of large circular 
dimples caused by micro-void coalescence [33] are 
present over the majority of the fracture surface, as 
shown in Fig. 9(a). This further corresponds to the 
highest elongation of Sample 1 obtained by SSRT 
in 3.5 wt.% NaCl solution. In contrast, the fracture 
surfaces of Samples 2 and 3 have small flat     
areas with some dimples, as shown in Figs. 9(b, c). 
Meanwhile, Sample 4 has a nearly flat fracture 

surface, indicated by the dotted areas in Fig. 9(d). 
This can be attributed to brittle fracture, which is 
the representative feature of SCC. These brittle 
fracture features can be ascribed to the precipitation 
of the β-phase [34,35], which leads to pitting 
caused by anodic dissolution under corrosive 
conditions and consequently, accelerates fall-out of 
the particles due to SCC. 

 
3.4 Crack propagation 

The SCC behavior of an alloy results in a 
combination of tensile stress and corrosion and is 
usually related to crack formation and propagation. 

 
Table 4 Mechanical properties of 5083 Al alloys after SSRT 

Sample 

No. 

In air In 3.5 wt.% NaCl 
ISSRT/%

UTS/MPa YS/MPa Elongation/% UTS/MPa YS/MPa Elongation/% 

1 3.2
2.1307
  1.3

0.8147  0.5
0.224.1  3.1

1.9313  1.3
0.9170  0.4

0.321.4  11.2 

2 2.3
2.5325  1.1

0.7172  0.6
0.322.7
  2.4

2.1318  1.2
0.7203  0.5

0.218.2
  19.8 

3 1.8
1.1308  0.8

0.5166  0.7
0.223.1  1.9

1.6298  0.9
1.1197
  0.4

0.415.6
  32.5 

4 2.7
2.4301  0.6

1.1151  0.8
0.422.2  2.1

1.3276  1.5
1.0167
  0.7

0.213.2
  40.5 

 

 
Fig. 9 SEM fracture morphologies of samples tested in 3.5 wt.% NaCl solution: (a) Sample 1; (b) Sample 2; (c) Sample 

3; (d) Sample 4  
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Therefore, studying the growth of SCC cracks 
could lead to a better understanding on the role of 
grain size in the SCC process. Figure 10 shows the 
SCC crack propagation path for Samples 1 and 4. 
Notably, Sample 1 exhibits a more tortuous crack 
propagation path with more deflections and crack 
closures. Crack branching along the crack path can 
also be observed in Fig. 10(a). Sample 1 has a 
microcrack and a crack width maintained <15  μm 
at the crack tip. In contrast, a relatively smooth and 
straight crack propagation path with no obvious 
deflections or crack closures is observed for Sample 
4, as shown in Fig. 10(b). Its crack width reaches 
approximately 190 μm at the initial stage of 
cracking and gradually decreases along the crack 
propagation direction thereafter until reaching a 
crack tip width of 20−40 μm. In the study of the 
effect of 2524 Al alloy grain size on its fatigue 
crack growth behavior, SHOU et al [22] revealed 
that fatigue cracks propagated more tortuously in an 
alloy with grain sizes of 50–100 μm, whereas a 
smooth crack path with few closures was observed 
in an alloy with a grain size of 355.2 μm. MA    
et al [36] investigated the high-cycle fatigue and 
fatigue crack propagation characteristic of 5083-O 
Al alloy, noting that more tortuous fatigue crack 
propagation paths exhibit better fatigue properties. 
Similar results are obtained in this study. Therefore, 
samples with fine grains limit the crack propagation 
process, thereby exhibiting better SCC resistance. 

To determine the relationship between the 
cracking mechanisms and grain structures, the short 
cracks (red boxes in Fig. 10) of the failed samples 
were observed by EBSD. Their SCC behavior is 
shown in Figs. 11(a, b). The main cracking mode of 
Sample 1, which has a fine grain structure, is 
intergranular cracking (Fig. 11(a)), while that of 
Sample 4, which has a coarse grain structure, is 
transgranular cracking (Fig. 11(b)). The grain 
orientation in the vicinity of the crack was also 
investigated, as shown in Figs. 11(a, b). The results 
show that the crack exhibits a distinct deflection at 
Grains 1, 2, 5, and 6 (close to the {011} orientation). 
However, a relatively smooth and straight crack 
propagation path without any obvious deflections is 
observed at Grains 3, 4, 5, 7, 8, and 9 (close to the 
{001} orientation). Therefore, the SCC cracks tend 
to pass through the {001} orientation grains, while 
the crack is prone to deflection upon encountering 
{011} orientation grains. This is in good agreement 
with the results of previous studies [37]. The results 
indicate that the {011} orientation grains may 
hinder crack propagation. Moreover, Figs. 11(c, d) 
present the GB distribution maps of the crack 
propagation regions in two samples. Here, the blue 
and red lines denote the HAGBs (>15°) and LAGBs 
(2°−15°), respectively. These results show that the 
number of LAGBs around the crack region is larger 
than that of HAGBs. The direction of crack 
propagation is orientated toward the LAGB region  

 

 

Fig. 10 SCC crack propagation paths of Samples 1 (a) and 4 (b) 
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in the case of Sample 1, which is mainly attributed 
to its greater deformation degree caused by higher 
ductility than Sample 4. CHI et al [38] noted the 
crack propagation due to the impact toughness 
testing of Ti−Al−V−Mo−Zr alloy, in which they 
found that the direction of the crack propagation 
was orientated toward the LAGB region. 

The cracking mechanisms of Samples 1 and 4 
are obviously different. A model is proposed to 
explain the effect of the grain structure on the SCC 
resistance, as shown in Fig. 12. An electrochemical 
reaction is generated during SSRT in NaCl solution 

on the surfaces of the 5083 Al alloy. The oxidation 
reaction of Al (Al → Al3++3e) resulted in the 
formation of Al3+, with anodic dissolution [29].  
The reduction reaction of O2+2H2O + 4e → 4OH− 

occurred at the cathode [39]. Simultaneously, due to 
the anode activity of the Mg−Si phase (Mg2Si+ 
2H2O→2Mg2++SiO2+4H++8e), the electrochemical 
dissolution in the Mg2Si intermetallic compound 
will generate H+. CHEN et al [40] reported that the 
presence of Cl− in an aqueous solution could 
promote the corrosion of alloys with an increased 
Cl− concentration, further accelerating the corrosion 

 

 

Fig. 11 EBSD maps (a, b) and GB distributions (c, d) for SCC behavior of short crack in Sample 1 (a, c) [4], and 

Sample 4 (b, d) 

 

 
Fig. 12 Schematic diagrams of samples with different grain structures during SCC process: (a) Sample 1; (b) Sample 4 
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rates. For Sample 4, the crack propagation 
mechanism is dominated by ion transport [41,42]. 
When the crack propagates along a relatively 
smooth path, H+ and Cl− consistently fill the entire 
crack and are adsorbed onto the crack surface 
(Fig. 12(b)), thereby reducing the surface energy. 
Ion transport through the interior of a coarse grain 
could occur much more easily than in a fine grain, 
resulting in the typical transgranular cracking 
feature shown in Fig. 11(b). Moreover, the driving 
force is more concentrated at the crack tip under 
tensile stress, thereby accelerating crack 
propagation. 

Grain refinement can improve the SCC 
resistance by increasing the number of GBs during 
the SCC propagation process. As a barrier, GBs 
could decrease the growth rate of SCC cracks and 
alter its growth path [11]. Due to the precipitation 
of the β-phase on the GBs, 5083 Al alloy has      
a tortuous propagation path of the corrosion   
crack [43]. So, the SCC mode has the typical 
characteristics of intergranular cracking, as shown 
in Fig. 11(a). When a crack propagates along a 
relatively tortuous path in fine grains, H+ and Cl− 
can accumulate at the crack deflections (Fig. 12(a)). 
In this case, the crack slowly propagates due to  
the tortuous corrosion path and low H+ and Cl− 
concentration. Moreover, since Sample 1 has an 
intergranular SCC cracking, cracks branch out 
when they encounter GBs with triple junctions. A 
triple junction is likely to have a low misorientation 
energy, thereby requiring a high crack tip driving 
force or ions concentration to achieve GBs 
decohesion [26], resulting in the relatively high 
SCC resistance of Sample 1. When a crack is 
deflected, the change in loading mode could 
influence the driving force for further crack 
propagation. Therefore, Sample 1, which has fine 
grains, exhibits better resistance to stress corrosion. 
 
4 Conclusions 
 

(1) The sample of fine grains (8.7 μm) shows 
worse IGC resistance with corrosion depth of 
36 μm. Sample of coarse grains (79.2 μm) shows 
better IGC resistance with corrosion depth of 
15 μm. 

(2) The SSRT test demonstrated that fine 
grains exhibit better SCC resistance with an ISSRT of 
11.2% than coarse grains with an ISSRT of 40.5%. 

(3) Grain refinement can improve the SCC 
resistance by increasing the number of GBs, such 
that any corrosion crack propagation follows a 
tortuous path. The grains with a {011} orientation 
may hinder crack propagation and orientate the 
cracks toward the LAGB region. 

(4) Slow crack propagation occurs in the 
sample with fine grains due to the tortuous 
corrosion path, and low H+ and Cl− concentrations. 
In contrast, the crack propagation follows a 
relatively smooth path in the sample with coarse 
grains due to the adsorption of H+ and Cl− onto the 
entire crack surface, thereby reducing the surface 
energy. 
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不同晶粒尺寸 5083 铝合金晶间腐蚀和应力腐蚀开裂的差异性 
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摘  要：通过冷轧和退火获得具有不同晶粒尺寸(8.7~79.2 μm)的 5083 铝合金板。研究其微观结构、晶间腐蚀 

(IGC)、应力腐蚀开裂(SCC) 和裂纹扩展行为。结果表明，粗晶粒样品表现出更好的抗 IGC 性能，其腐蚀深度为 

15 μm。慢应变速率测试结果表明，细晶粒样品表现出更好的抗 SCC 性能，敏感性指数 ISSRT为 11.2%。此外，基

于裂纹扩展机制，晶粒细化可以通过增加晶界数量来诱导腐蚀裂纹沿曲折路径扩展，从而提高抗 SCC 性能；{011}

取向的晶粒可以通过朝向小角度晶界区域阻碍裂纹扩展；曲折路径和低 H+和 Cl−浓度导致细晶材料中的裂纹扩展

缓慢。 

关键词：晶粒尺寸；晶间腐蚀；应力腐蚀开裂；裂纹扩展；5083 铝合金 
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