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Abstract: The high humidity of marine atmosphere and the existence of corrosive chloride ions lead
to the premature corrosion failure of aluminum alloy components. The development of surface-
strengthening technology provides an opportunity to prolong their service life spans. As a mature
surface-strengthening technology, the shot peening process is widely used, owing to its advantages
over other strengthening technologies, including its easy operation and high production rate. The
shot-peened surface integrity depends on shot peening variables that introduces the thermome-
chanical effect to the deformed surface layer. When the inappropriate shot peening parameters
are adopted, the shot-peened surface integrity could be deteriorated, which further weakens the
corrosion performance of the surface. Therefore, it is essential to optimize shot peening process
variables with the consideration of the material and its application. In this paper, the strengthening
mechanism of the shot peening process was firstly elaborated, and then the effects of process parame-
ters on the surface integrity of aluminum alloy were reviewed. The relationship between the surface
integrity and corrosion resistance was also revealed. Two directions, including the application of the
surface temperature rise during the shot peening process and the shot-peened surface roughening,
are proposed.

Keywords: aluminum alloy; shot peening process; strengthening mechanism; surface integrity;
corrosion resistance

1. Introduction

Aluminum alloys are widely used in the aerospace, marine and offshore, and oil and
gas fields, as well as in helicopter decks, owing to their high specific strength, low density,
excellent processing performance and convenient recycling [1–3].

Aluminum alloy is the basic support material of marine engineering equipment, but the
problem of insufficient service ability in harsh corrosion environments has become a bottleneck
for its deep application in the ocean [4,5]. Corrosion is the main cause of failure of aluminum
alloy components in marine environments, including pitting corrosion, intergranular corrosion,
exfoliation corrosion and stress corrosion [6]. From a security point of view, corrosion may
cause casualties and shorten aluminum alloy equipment service duration. It was reported that
the stress corrosion fracture has happened to an offshore heavy oil pipeline in the atmospheric
environment, leading to the leakage of hydraulic fluids [7]. The corrosion may lead to fatigue
cracks and brittle fracture of the hull of ocean-going ships and reduce the service life [8]. From
an economic point of view, an estimated annual cost resulted from the corrosion of aluminum
alloy structural components is over USD 1.8 trillion [9]. Therefore, it is urgent to improve the
corrosion resistance of aluminum alloy.

Corrosion of components is not only related to the service environment and material
chemical components, but also connected with the components’ surfaces’ condition, because
the surfaces directly contact corrosive ions within the service environment. The surfaces
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with high corrosion resistance firstly react with these ions at a lower speed, and further
protect the base material by restraining ions from entry.

Components with specific geometric and dimensional specifications to meet the corre-
sponding functional requirements are the result of additive manufacturing or subtractive
manufacturing [10]. Affected by the effects of heat and force that generated during ma-
chining processes, mechanical properties of machined surfaces differ greatly from those of
base materials, which further influences their corrosion resistances. Scratches and microc-
racks on machined surfaces, microstructure, and stress within a layer beneath machined
surfaces are all the results of machining processes, and all influence corrosion resistances of
machined surfaces. As shown in Figure 1, corrosion develops into interior material from
the surface via the defects. With time, under the effect of corrosion, the bulges fall off from
the surfaces [11]. Therefore, the machined surface directly affects the corrosion resistance
of aluminum alloy.

Figure 1. Schematic diagram of surface corrosion development [11].

Surface-strengthening treatments are developed to improve materials’ corrosion behav-
iors [12,13]. Among the treatments, the deformation strengthening is performed by plastic
deformation of the material surface introduced by rolling, laser shock, shot peening and
other mechanical means. There are two kinds of changes within the deformation layer. One
is the changes of microstructure, including grains refinement, dislocation-density increases
and texture alteration. The other one is the stress state within the deformation layer. More
specifically, there is always a compressive stress field within the layer, which is generally re-
garded as beneficial to enhance the corrosion resistance [14,15]. Compared with other surface
treatments, including rolling and burnishing with similar effects, the shot peening process has
been proven to be more effective, because of the size and shape of the to-be-treated workpiece
with fewer restrictions, ease of operation and high production rate, despite increasing surface
roughness [16,17]. Moreover, the shot peening process can significantly change the surface
integrity of the target material, and thus promise to improve the mechanical properties and
fatigue strength of critical parts [18]. Lei et al. [19] reported that the shot peening process
induced cementite dissolution and the formation of nanoparticles, contributing positive effects
on the corrosion behavior of the SA106B low-carbon steel. The interesting work of Kumar
et al. [20] proposed that Ti-13Nb-13Zr alloy after the ultrasonic shot peening process showed a
lower corrosion rate. Studies have shown that the shot peening treatment significantly affects
the corrosion resistance of the material.

To date, there have been many publications on the effect of shot peening treatment
on the corrosion resistance of aluminum alloys, but a comprehensive review on this topic
is still lacking. In this paper, the strengthening mechanism of the shot peening process
was firstly elaborated, and then the effects of process parameters upon surface integrity of
aluminum alloys were discussed. Finally, the influence mechanism of surface integrity on
corrosion resistance of aluminum alloy was reviewed.
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2. Strengthening Mechanism of Shot Peening Process

Shot peening is a mature, surface-treatment technology, with the aim to enhance the
resistance to cyclic load and stress corrosion of components [21]. Its mechanism mainly
includes the mechanism of microstructure strengthening and stress strengthening, as
respectively shown in Figures 2a,b [22,23]. With a large number of high-speed shots (such
as cast steel shots, cast iron shots, glass shots, ceramic shots) repeatedly impacting the
surface of the metal workpiece, the dislocation density and distorted grains within the
surface layer increase greatly, constituting a microstructure-strengthening mechanism.
Additionally, a residual compressive stress field with good thermal stability is generated
within the surface layer, forming a stress-strengthening mechanism [24]. Besides the two
mechanisms mentioned above, an effect is also introduced by the shot peening process,
namely surface roughening effect, which is generally considered as its side effect.

Figure 2. Schematic diagram of traditional shot peening process strengthening mechanism:
(a) microstructure strengthening; (b) stress strengthening [23].

The degrees of microstructure strengthening, stress strengthening and surface rough-
ening are determined by the combination of shot peening parameters, including shot type
and size, Almen intensity and surface coverage. Almen intensity is the industrial measure
of kinetic energy generated by shot impact on the specimen, while surface coverage is
considered to be the ratio of impact surface pits to total area [25,26]. An inappropriate
combination of process variables could cause an over- or under-treated surface. The former
condition weakens the strengthening effect, while the latter one even leads to a worse resis-
tance to corrosion of treated surfaces than those of not treated ones [27,28]. For example,
when cracks are present on peened surfaces, their corrosion properties necessarily worsen.

Surface service behaviors, such as corrosion resistance and fatigue property, depend
on surface integrity, including microhardness [29], surface residual stress [30], surface
roughness [10] and microstructure [31], as depicted in Figure 3 [32]. Under the same
conditions, the higher the surface-integrity level, the better the corrosion resistance of the
material [33,34]. To meet production needs, a series of new shot peening technologies have
been developed, such as laser shock shot peening [35,36], ultrasonic shot peening [37] and
high-pressure waterjet shot peening [38], as shown in Table 1.

Figure 3. Surface integrity and their corresponding distribution after shot peening [32].



Coatings 2022, 12, 629 4 of 16

Table 1. Different shot peening techniques and their characteristics.

Variety Impact Medium Parameter Characteristics

Shot peening Shot

Shot material and size
Almen intensity
Surface coverage

Impact angle

The size and shape of the
to-be-treated work piece with fewer
restrictions, ease of operation as well

as high production rate.

Laser shock
peening Laser beam

Power density
Pulse duration

Absorbent coating

Better surface finish, higher depths of
residual stress and uniform

distribution of intensity.

Ultrasonic shot peening Spherical tip/Shot

Frequency
Amplitude
Static load

Ball diameter

The equipment has the advantages of
small volume, low energy

consumption and
environmental protection.

High-pressure
waterjet shot

peening

Mixed water beam
mixed with shot

Supply pressure
Jet exposure time

Nozzle traverse rate

Simpler control over the process, full
coverage of the treated area,

flexibility in treating complex areas
and ecofriendly environment.

3. Effect of the Shot Peening Process on Surface Integrity of Aluminum Alloy

Shot peening process results in the enlargement of surface roughness, the generation
of residual compressive stress and work hardening within the surface layer, which affects
the corrosion resistance of aluminum alloy [39]. The influence of the shot peening process
on the surface integrity of aluminum alloy is shown in Table 2. For a given material, the
various surfaces in terms of surface integrity possess different corrosion resistances. By
optimizing the process parameters, high surface integrity can be obtained. The traditional
shot peening parameters are depicted in Figure 4.

Table 2. Surface integrity variation of aluminum alloy before and after the shot peening process.

Materials Parameters Before Treatment After Treatment

2124-T851 [40] Surface roughness Ra (µm) 0.75 7.20

AlSi10Mg [18] Residual stress (MPa) 7.7 ± 5 −152.5 ± 7

7475-T7351 [41] Maximum residual stress depth
(µm/beneath the surface) 0 45

AA2024 [29] Surface microhardness (HV) 65 140

Figure 4. Traditional shot peening parameters [42].

3.1. Surface Roughness

Caused by multiple overlapping dimples in shot peening, surface roughness can
be intervened with shot peening parameters. Tuning the set of peening parameters can
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reduce and even totally mask the undesirable effects of surface roughness. This has been
recognized as a challenge, especially for aluminum alloys.

Win et al. [43] reported that the surface roughness of AA7075-T6 aluminum alloy is
closely related to the shot peening pressure. They found that the surface roughness (i.e., Sa, Sq,
Sp and Sv) of the sample increased significantly with the increase in shot peening pressure, as
shown in Figure 5. Pandey et al. [44] conducted shot peening experiments on 7075 aluminum
alloy with an ultrasonic shot peening operation. They found that the surface roughness of the
test workpiece increased with the increase in shot peening duration. Interestingly, at the initial
stage of shot peening, the surface roughness increased more rapidly. With time, the surface
roughness increased slowly, and its magnitude was almost constant.

Figure 5. Sa, Sq, Sp and Sv values of shot-peened surfaces of AA7075-T6 with various shot peening
pressures [43].

Advanced analytical and numerical tools can optimize process parameters with a
sustainable cost and maximize shot peening efficiency [45]. A glass-shot impact model was
established by Zhang et al. [46] with ABAQUS for a theoretical prediction. They found that
with the increase in shot peening coverage, the surface roughness of 7075 aluminum alloy
increases first and then decreases. Then some shot peening experiments were performed,
which verified the above conclusion.

Recently, many experiments usually describe the influence of a single factor on surface
characteristics, but the influence of a multifactor combination is also very obvious. Sheng
et al. [47] took 7075-T651 aluminum alloy as the research object to study the shot-peened
surface roughness with different process-parameter combinations. Through finite-element-
simulation calculation and experimental test, they found that larger shot size and lower
shot velocity can effectively reduce the surface roughness with a constant shot peening
pressure. Liu et al. [48] explored the change of 7075-T651 aluminum alloy surface roughness
using 3D simulation modeling and shotting experiments. The results showed that with
an increase in the shot peening pressure and shot size, the plastic deformation of alloy
surface was severe, and the roughness tends to increase. However, with the increase
in shot peening distance and coverage, the depth of craters decreases, and the surface
roughness will decrease gradually. Therefore, combinations of reasonable shot peening
parameters should be selected to obtain the desired surface roughness during shot peening
of aluminum alloy.

3.2. Residual Stress

Residual stress is an indispensable factor in improving the fatigue resistance and corrosion
resistance of materials. Its magnitude and distribution depend on shot peening parameters.

On the one hand, the shot peening process parameters affect the distribution of
residual stress field on the surface of aluminum alloy. The effect of different shot peening
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pressures on the corrosion behavior of 7075 aluminum alloy was investigated [49]. The
research results showed that the magnitude of residual stress on the shot-peened surface
increased with the increase in shot peening pressure. On the other hand, it greatly affects
the maximum residual stress depth. Based on the numerical simulation and experimental
study of shot peening Al-Li alloy, Wang et al. [50] found that with the increase in shot size,
the depth of the residual stress layer increased significantly, and the magnitude of residual
stress also increased, indicating that shot size significantly affected the residual stress,
as shown in Figure 6. These observations are mainly attributed to the increasing kinetic
energy produced by the shot when increasing the shot size, which promotes the plastic
deformation development within the surface layer. Miao et al. [51] took 2024 aluminum
alloy as the research object to study the influence of shot peening duration on residual stress
distribution. With the increase in shot peening duration, the number of shots impacting the
surface increases, and the maximum compressive stress near the surface and the maximum
tensile stress depth of the material increases continuously.

Figure 6. Influence of shot size on residual stress distribution [50].

Studies have shown that the maximum residual compressive stress of the workpiece after
shot peening is 50% to 60% of the ultimate tensile stress of the material, which indicates that the
residual compressive stress cannot increase infinitely after shot peening [52]. Zhao et al. [53]
investigated the effects of shot peening intensity, coverage and surface integrity on the fatigue
properties of 2024HDT-T351 aluminum alloy after the shot peening process. The research results
showed that the surface residual compressive stress was closely related to the shot peening
parameters, and the surface residual compressive stress did not increase monotonically with the
increase in shot peening intensity, but increases first and then decreases.

3.3. Surface Microhardness

Different shot peening parameters affect the surface microhardness of aluminum alloy.
The microhardness of the material after shot peening is applied to characterize the cold
work hardening properties of the material [54].

Through the research on the effect of the shot peening process on the surface integrity
of a 7075 aluminum alloy sample, Li et al. [55] found that mechanical shot peening could
improve the surface microhardness, and its value increased with the increase in shot
peening pressure and shot size. Zhu et al. [56] investigated the effect of ultrasonic shot
peening on the surface microhardness of 7075 aluminum alloy. It was found that with
the decrease in shot peening distance, the surface microhardness of 7075 aluminum alloy
gradually increased and the average hardening rate increased.

Compared with coverage rate, shot peening pressure is the key parameter affecting
microhardness. Avcu et al. [57] reported this rule after shot peening AA1050 aluminum
alloy. After shot peening, the microhardness of the samples increased under different
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shot peening pressures and coverage rates, and the microhardness within the surface
layer decreased gradually beneath the surface, as shown in Figures 7a,b. The surface
microhardness increased by 22% at higher pressure, whereas different coverage rates had
an insignificant effect on the microhardness.

Figure 7. Change in microhardness along depth direction under different coverage rates and peening
pressures: (a) 0.1 MPa; (b) 0.5 MPa [57].

In another study, where the 5052 Al alloy sheet was shot-peened, Li et al. [58] found that
with the extension of shot peening duration, the microhardness along the whole thickness of
the sample was improved, meaning the deformation penetrated the whole thickness. However,
the microhardness of the samples treated for 10 min within 0–100 µm beneath the shot-peened
surface was lower than that of the samples treated for 5 min, and also lower than that of the
samples treated for 2.5 min in some ranges, as shown in Figure 8. These observations are mainly
attributed to the fact that with the extension of shot peening duration, the surface temperature
of the sample increases, which induces the dynamic recovery within the deformed layer and
resultantly reduces the microhardness. This revealed that the shot peening process not only
introduces the cold-hardening effect to the material, but also induces the softening effect due to
the temperature rise during a shot peening operation [59]. Making use of the temperature rise is
a potential direction, which is being investigated in our parallel study.

Figure 8. Microhardness distribution of 5052 aluminum alloy along depth direction after shot peening
process with different durations [58].
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4. Effect of a Deformed Surface Layer on Corrosion Resistance of Aluminum Alloy

Shot peening technology plays an extremely important role in improving the corrosion
resistance of machined surfaces.

Yang et al. [60] conducted shot peening on 319s aluminum alloy, and measured
their corrosion resistance with a salt-spray test in sodium chloride solution. The results
showed that the average corrosion weight loss of the surfaces after the shot peening process
significantly reduced, and the initiation and expansion of pitting defects were inhibited. Ye
et al. [61] investigated the effects of shot peening and stress factors on the corrosion behavior
of 2E12-T3 aluminum alloy. The results showed that after the shot peening process, the
exfoliation corrosion sensitivity significantly reduced. After 96 h of corrosion, the surface of
the sample without shot peening was reddish brown, and a large number of oval bubbles
appeared. However, after shot peening, there was no obvious bubbling on the shot-peened
surfaces, and exfoliation corrosion was the main corrosion form. The corroded surface
morphology of these two kinds of samples (i.e., with and without the shot peening process)
is respectively shown in Figures 9a,b. Table 3 lists the effects of the shot peening process on
the corrosion resistance of aluminum alloy by comparing the corrosion parameters. The
enhanced corrosion resistance was attributed to the grain-refined surface layer, texture
alteration, and compressive residual stresses.

Figure 9. Corroded surface morphology of 319s aluminum alloy samples: (a) without shot peening;
(b) with shot peening [61].

Table 3. Effect of shot peening process on corrosion resistance of aluminum alloy.

Materials Corrosion Parameters Before Treatment After Treatment Conclusion

AA7075 [62] corrosion rate
(µm/year) 44.19 20.06

Shot peening process can
significantly reduce the

corrosion rate of samples.

AA2024 [63] corrosion depth (µm) 192 ± 54 107 ± 30
Shot peening process can

significantly reduce the depth
of corrosion.

AA7150 [64] corrosion potential (V) −0.775 −0.739

Pitting potential shifts to the
more anodic direction after

shot peening process,
indicating an improved
initiation resistance of

localized corrosion.

AISI 304SS [65] corrosion current
density (µA/cm2) 0.9 0.3

After shot peening process, the
corrosion current density

decreased compared to that of
the original sample.
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4.1. Surface Roughness

Although alternative applications that can benefit from shot-peening-induced delami-
nation surface roughness are being explored, surface roughness may adversely affect most
common industrial applications, such as corrosion resistance.

Several studies have shown that the corrosion resistance of a material is inversely
proportional to its surface roughness [66]. He et al. [67] investigated the effects of different
shot peening intensities on stress corrosion resistance of 7B04-T6 aluminum alloy. The
results show that the duration of stress corrosion is related to surface roughness. It can
be seen from Figures 10a,b that the surface roughness of samples T07–T09 after shot
peening is larger, and consequently the stress corrosion duration is shorter when compared
with samples T04–T06. These observations are mainly attributed to the increased shot-
peened surface roughness leading to an increase in the actual total contact area of the
material surface with the corrosion solution, which further increases the probability of
stress corrosion cracking of the material.

Figure 10. Surface roughness and duration of stress corrosion under different shot peening intensities.
(a) Surface roughness; (b) stress corrosion cracking duration [67].

Mhaede et al. [68] discussed the effect of the surface state of AA7075-T73 aluminum
alloy after shot peening on corrosion fatigue performance. The electrochemical tests
performed in an NaCl solution showed that for shot-peened samples, their corrosion resis-
tances notably reduced. The higher reactivity of the shot-peened surfaces was attributed to
the higher surface roughness providing additional active anodic sites on the surface.

4.2. Residual Stress

After shot peening, the sample surface would be in the state of residual compres-
sive stress. It is one of the surface integrity parameters that cannot be ignored for high-
performance aluminum alloy [69].

The introduction of residual compressive stress could offset part of applied stress on
aluminum alloy surface and external thrust generated by grain-boundary corrosion products,
which could inhibit the occurrence of metal-surface corrosion effectively. Trdan et al. [70]
compared the corrosion behavior of AA6082-T651 aluminum alloy in a 0.6 M sodium chloride
solution before and after laser shot peening with electrochemical polarization tests. As can
be seen from Figures 11a,b, after the corrosion test, large pits are distributed on the entire
surface of the sample without laser shot peening, while the size and number of pits on the
peened sample surface were greatly reduced. The difference was mainly attributed to the
high residual stress introduced by laser shot peening. Lv et al. [71] investigated the effect of
shot peening on the corrosion behavior of 7050 aluminum alloy in a peeling solution. They
observed that the corrosion depth of the sample after shot peening was significantly lower
than that of the untreated sample, which is the result of the existence of a residual compressive
stress field.
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Additionally, the residual stress induced by shot peening was reported to affect
the passivation film on the surface of 7075 aluminum alloy [72]. The surface residual
compressive stress induced by laser shot peening improved the transverse compressive
force of AlOOH passivation film, which enhanced the corrosion potential and pitting
potential of aluminum alloy plasma arc welding joints.

Figure 11. Changes of pits on the corroded surfaces of AA6082-T651 aluminum alloy. (a) Without
laser shot peening; (b) with laser shot peening [70].

Abdulstaar et al. [73] investigated the effect of shot peening on the corrosion resistance
of 5083 aluminum alloy. The results show that after shot peening, the limited residual
stress and stress depth reduced the surface corrosion resistance and accelerated alloy
surface corrosion. Therefore, an appropriate residual stress field can effectively improve
the corrosion resistance of aluminum alloy, while too high or too low residual stress leads
to accelerated corrosion.

4.3. Microstructure

The variation of the stress field and microhardness on and beneath the shot-peened sur-
face indicates the existence of a deformed surface layer, which is the result of microstructure
change, including dislocation density enlargement and grain refinement.

It is generally believed that the microstructure refinement mechanism of the shot-
peened surface layer is that the contact stress exceeds the yield strength of the metal
material under cyclic impact, resulting in a strong plastic deformation of the material in
different directions. Plastic deformation is concentrated in the metal surface layer, resulting
in the continuous increase in surface dislocation density. Moreover, with the continuous
proceeding of the shot peening process, defects such as dislocation, twin stacking fault and
shear band appear within the surface plastic deformation layer. Under the interaction of
these defects, they are continuously annihilated and reorganized, and finally evolve into
micro–nano scale cellular structures, subgrains and grains [74–76]. The formation process
of microstructure refinement is shown in Figure 12.
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Figure 12. Formation process of microstructure refinement [77].

The microstructure of a material affects its service performance. The volume fraction of
grain boundary on the surface of the material increases after the shot peening process, which
is significantly effective in enhancing corrosion resistance. Amini et al. [78] investigated the
effect of an ultrasonic shot peening process on the corrosion behavior of 7075 aluminum
alloy, and found that the corrosion current density of the peened sample was much lower
than that of the original one, indicating that the corrosion resistance of the former specimen
was significantly improved. This was because the grain refinement caused by the shot
peening process increased the grain boundary volume fraction on the surface, as shown
in the Figure 13. At the same time, the microstructure tends to be uniform and the local
corrosion is alleviated. Grain refinement can effectively prevent the occurrence of stress
corrosion fractures. Laser shot peening was applied to 2195 aluminum alloy to investigate
its effect on stress-corrosion performance [79]. Severe process parameters lead to grain
refinement and greatly increase the proportion of grain boundaries. A large number of
grain boundaries would increase the resistance of crack propagation, making it difficult for
the corrosion cracks to grow and infiltrate.

The formation of passive film is also an important factor in improving the corrosion
resistance of aluminum alloy. Corrosion behavior of Ni-Al bronze alloy after the shot
peening process was investigated through experiments with different shot peening pres-
sures [80]. The results show that the corrosion current density of the material after the
shot peening process decreased, which is shown in Figure 14a. These observations are
mainly attributed to the refined and homogenized microstructure, which is conducive to
the rapid formation of protective passivation film. However, the opposite conclusion was
obtained through the analysis of electrochemical impedance spectroscopy. The diameter of
the impedance arc of the shot-peened sample was smaller than that of the as-cast sample,
as shown in Figure 14b. In order to avoid the contradictory conclusions regarding the
corrosion resistances of given materials drawn by traditional corrosion parameters, Niu
et al. [81,82] proposed for the first time to compare the corrosion resistance with some novel
indicators, such as the polarization current density, corrosion equivalent resistance, charges
passing through materials and material mass loss. These indicators are obtained using
potentiostatic polarization measurements.

Although grain refinement has a significant influence on corrosion resistance, the
increase in dislocation and grain boundary/subgrain boundary can also provide more
channels for the inward diffusion of a corrosion medium [83]. Therefore, whether the
corrosion behavior of the shot-peened surface improves or not, and if so, how much
improvement can be made after a shot peening operation. are two questions that need
much more attention. Based on these questions, the optimization of the shot peening
process parameters is particularly important. Understanding the relationship among the
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process parameters, the shot-peened surface integrity and its corrosion resistance is helpful
to the optimization process. The simulation operation of the shot peening process can be
an effective tool [84].

Figure 13. Microstructure and grain distribution under different ultrasonic shot peening times.
(a) Original material; (b) after 20,559 beats ultrasonic peening; (c) after 41,118 beats ultrasonic
peening; (d) after 61,677 beats ultrasonic peening [78].

Figure 14. Polarization curve and Nyquist curve of as-cast NAB and samples with different shot
peening intensity immersed in 3.5 % NaCl solution for 15 min. (a) Polarization curve; (b) Nyquist
curve [80].
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5. Summary and Outlook

The shot-peened surface integrity of aluminum alloy can be effectively changed with
the shot peening process under the thermomechanical effect. An inappropriate process
variable may even deteriorate the service behavior of aluminum alloy. Therefore, the
shot peening parameters should be optimized according to the target material and use
conditions. The simulation of the shot peening process should be widely used in the future
because it is time-saving and economical.

The formation of the passive film on aluminum alloy surface is related to the mi-
crostructure and residual stress field, and they are affected by the surface temperature rise
during the shot peening process. Therefore, tuning the shot peening parameters (such as
increasing shot peening time and shot peening intensity) and establishing a temperature
field on the surface to promote the formation of the passive film and ultimately improve
the surface corrosion behavior is a potential direction.

Microstructure strengthening and stress strengthening introduced by the shot peen-
ing process improve mechanical properties of aluminum alloy surface. However, it also
introduces a side effect, namely, the surface-roughening effect. To further improve the
corrosion resistance of aluminum alloy in marine environments, future efforts should be
paid to improve the bonding strength between subsequent coating and aluminum alloy
shot-peened surfaces by taking advantage of the surface-roughening effect.
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