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Abstract: 5083 Al alloy sheets with different grain sizes (8.7—79.2 um) 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 um. The slow strain rate test results revealed that fine-grained samples exhibit better SCC resistance with a
susceptibility index (/ssgr) 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 C1” 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
(Issrr) 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 f-phase (Al;Mg,) 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 AlI-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 § 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 LY 12 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 Issgr 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. OSORIO 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
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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 um (Sample 1), 24.4 um (Sample 2), 43.7 um
(Sample 3), and 79.2um (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 0.5h 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 1.0x107° s™'. 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 (/s5) of the sample
obtained after testing in air and NaCl solution was
used to evaluate the SCC susceptibility, as shown in

Eq. (1) [19]:

Iy =(1—%)x100% (1)

air

where J,; and Jy, 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 SiO,
suspension to obtain a smooth surface without
scratches. The sample was then etched with a
Barker reagent (HBF,:H,0=5:195) at 20V 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 25V 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 pum 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 um 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/%

Graﬁl;m/ 23.530.3 44.279.2 59.6 43.724.4 8.7
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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 Alg(Mn,Fe) phases, whereas the gray area is
Mg,Si [23]. ImagePro 10 was used to measure the
area fractions of the Als(Mn,Fe) and Mg,Si 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

T ALMn Feye

Fig. 4 SEM images of intermetallic inclusions with corresponding EDS results: (a, b) Sample 1; (c) Sample 2;
(d) Sample 3; (e) Sample 4

O

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 um 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 pm.
This conforms to the increasing trend in the 1GC
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]

Al
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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 (@) and
corrosion current density (J.or) derived from these

r"‘i'

e > Low-angle grain boundary (2°-15°)
’"‘l,. [ High-angle grain boundary (>15°)

Sample 1 Sample 4

|
o
(o))
T

> -08} =

3

»n 091 — Sample 1

g — Sample 2

T 1.0} — Sample 3
— Sample 4

lg[J/(A-cm™)]
Fig. 7 Polarization curves of 5083 Al samples

curves are listed in Table 3. Sample 1 has the
smallest @cor 0f —0.936 V, denoting that it is more
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prone to IGC. Moreover, it has the largest J.o, of
6.4x107 mA/cm’, indicating that it has the fastest
corrosion rate. In contrast, Sample 4 has the largest
@eorr 0f —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. ®corr(Vs SCE)/V Jeorn/(MA-cm ?)

1 -0.936 6.4x107°

2 -0.910 6.0x107°

3 -0.905 6.1x10°°

4 -0.889 5.8x107°
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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 Issrr of
11.2%, indicating the best resistance to SCC among
other samples. In contrast, Sample 4 exhibits the
highest SCC susceptibility with an /ssgr 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 f-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].

350
300 =T
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200 + o

150 [/

Stress/MPa

100 J

50

0 5 10 15 20 25 30
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300 —
250 - -
200 - ‘3

150 /-

Stress/MPa

100 -

50 0 eeee-s In air

.
e

1 1 1 1 ls

0 5 10 15 20 25 30
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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

Table 4 Mechanical properties of 5083 Al alloys after SSRT

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 p-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.

Sample In air In 3.5 wt.% NaCl Feswe/%
No. UTS/MPa  YS/MPa Elongation/% UTS/MPa  YS/MPa Elongation/%
1 307733 1473 24.1°03 3134, 17073 214704 11.2
2 325723 17271 22.7°%% 31857 20373 18.2°03 19.8
3 308"}% 16678 23.1°07 2984% 197799 15.6°04 32.5
4 30173] 15199 222708 276"} 16773 132707 40.5

PR Tt
Fig. 9 SEM fracture morphologies
3; (d) Sample 4

RGPS

S

Brittle
fracture

100}

of samples tested in 3.5 wt.% NaCl solution: (a) Sample 1; (b) Sample 2; (c) Sample
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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 pm
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 umat the initial stage of
cracking and gradually decreases along the crack
propagation direction thereafter until reaching a
crack tip width of 20—40 um. 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 pum, whereas a
smooth crack path with few closures was observed
in an alloy with a grain size of 355.2 pm. 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.

@  Crack propagation diiection.

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

Crack deflection

L e
\/87@5 um .

Ctack closure

Crack propagation direction

K 162.7 pm

187.5 pm

112.3 um

ABERRE S

100.6 pm

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— Al’+3e) resulted in the
formation of AI’*, with anodic dissolution [29].
The reduction reaction of O,+2H,O +4e —40H
occurred at the cathode [39]. Simultaneously, due to
the anode activity of the Mg—Si phase (Mg,Si+
2H,0—2Mg>+Si0,+4H+8e), the electrochemical
dissolution in the Mg,Si 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
CI' 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, ¢) [4], and

Sample 4 (b, d)

(@) AB

©0 O

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 CI™ 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 f-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 CI
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 CI
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 um) shows
worse IGC resistance with corrosion depth of
36 um. Sample of coarse grains (79.2 um) shows
better IGC resistance with corrosion depth of
15 pm.

(2) The SSRT test demonstrated that fine
grains exhibit better SCC resistance with an /Igggr of
11.2% than coarse grains with an /ssgr 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 CI” concentrations.
In contrast, the crack propagation follows a
relatively smooth path in the sample with coarse
grains due to the adsorption of H" and CI” onto the
entire crack surface, thereby reducing the surface
energy.
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2. WEIRE AEEEMRR S TREHE M E R S,
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3. PERNURE AT, E 610064
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(GC)~ ML ITHL(SCC) MALY AT N Fi RN, RLERFE RIS 19T IGC ThRE, HIE MR N
15 um. 2R ASHE A NIREIREN], AR i R B AP IO BT SCC VERE, MUBMESREL fsspr 9 11.2%. BEAH, 2
TROE R, SR e AT DO R I SRR RS T R R S i AT R AR R, I E 4 SCC 1ERE; {011}
S 1) b T LA S S 0 1) A P S XA SR i s T R AR AR HOAN CLR S 3 S S AR o 2R B e

2%

KEA: dRLRCTs SRS MRS EIT R REWTRE; 5083 G

(Edited by Bing YANG)



