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Abstract: Aluminum alloy AA2020 has a greater demand
for the high strength-to-weight ratio used in applications
like aerospace, naval, and automotive applications because
heat treatment produces high strength. Friction stir welding
(FSW) is widely employed in forming butt joints of
AA2020-T4 using a square profile tool. In this work, the
wear characteristics and the corrosion behavior with and
without age-hardened treatment are studied and com-
pared. In this work, the wear characteristics and the corro-
sion behavior with and without age-hardened treatment
(after a 1-hour solution treatment of AA2020 alloy at 505°C,
quenched in water at ambient temperature) are studied
and compared. Age-hardened models with a high aging
duration (16–20 h) at 177°C showed a reduction in wear
resistance for low spindle speed in contrast to the as-
FSWed joints. In the corrosion medium, long aging time
heat-treated FSWed joints showed high passivity in a
3.5 wt% NaCl solution. Intergranular and pitting types of
corroded surfaces in as-FSWed joints were spotted. 20 h of
age-hardened FSWed joints achieved the minimal corro-
sion rate (CR) and is suggested for moderate wear resis-
tance and good CR. The speed appears to have a greater
impact on wear rate than the weld speed and applied load.
It is also worth noting that the CR increases by 5% with
the increasing spindle speed and falls by 4% with the
increasing weld speed.

Keywords: age-hardening and aging, aluminum alloys,
corrosion rate, tafel plots, wear resistance

1 Introduction

Aluminum is the most used nonferrous metal possessing
a density of 2.7 g·cm−3 exhibiting good machinability,
electrical and thermal conductivities, and resistance to
atmospheric corrosion (forms oxide layer). Al and its
alloys have a high strength-to-weight ratio because of
their low density. Hence, these materials are commonly
utilized in automotive and aerospace applications where
weight savings are desired for enhanced performance
and fuel efficiency. Aluminum alloys are quite often
welded than any other types of nonferrous alloys because
of their noble weldability and widespread applications [1].
The optimization of wear resistance (WR) of FSWed dis-
similar Al alloy (AA6351-T6 and AA5086-H111) decreased
with the increase in the spindle speed (SS) [2]. On a sliding
track with a high constant load, low rotating speed, and
sliding speed, the WR) of prismatic pins of AA 6061-T6
surface hybrid composites [(SiC + Gr) & (SiC + Al2O3)]
manufactured by friction stir welding (FSW) was found
to be high [3].

Heat-treatable Al alloy in particular can benefit from
a proper aging procedure. As a result, different investiga-
tions addressed the artificial aging process of aluminum
alloys. It used classic and electric heating to artificially
age AA6082 and AA7075 alloys to make cost effective
in obtaining improved properties [4]. As heat-treatable
alloys, an electric heating strategy to artificially age
AA5083 and AA2024 for dissimilar and comparable 2xxx
series has largely used in the aerospace and automotive
sectors [5]. AA2xxx series utilize their copper as the
alloying element during age hardening (AH). Hardness
is widely recognized as the primary criterion for evalu-
ating material wear behavior required for the estimation
of the life of construction equipment, and otherwise, it
would become obsolete due to wear [6]. AA2xxx group of
alloy’s hardness raised by AH, resulting in a well-organized
precipitated configuration. As a result, WR was enhanced
under the combination of input parameters [7]. In an
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aqueous media containing chloride ions, intermetallic
copper compositions (like Al2Cu and Al2CuMg) enhance
the sensitivity of the AA 2xxx to localized crevice corro-
sion (pitting) and oxidation [8].

Anodic polarization curves of FSWed Al alloys AA2024
and AA2195 revealed that in a corrosive media of the NaCl
solution, the corrosive potentials of the base material and
the FSW regions appeared to be the same [9]. The galvanic
response of Al alloys revealed that exalted particles with
electrocatalytic activity, such as Al2Cu, which can tolerate
significant cathodic currents, are related to pitting [10].
Pit corrosion at different locations (topmost, middle,
and base) of the weldment zone in the FSW joints of
AA2219-O in an alkali chloride solution revealed that the
topmost one has the largest corrosion potential when com-
pared to the base and base metal [11]. Pitting corrosion
characteristic of the FSWed joint of AA2024-T3 was discov-
ered in the areas between the S phase (Al2CuMg) particles
and the surrounding Al base [12]. The corrosion suscept-
ibility of FSWed joints of the alloy AA2024-T3 demon-
strated that the HAZ area is more reactive to intergranular
and pitting corrosion than the rest of the joint [13]. The
corrosion behavior of AA6061 joints fabricated using
FSWed and gas tungsten arc welding (GTAW) revealed
that the FSW grains are more corrosion resistant than
the GTAW grains [14]. The T6 treatment has also been
found to increase corrosion resistance in both welds
[15]. The free corrosion potential is higher anodic for
the low hardness sections according to the corrosion
behavior of FSWed of AA2024 and AA7075. As a result
of the potential difference, galvanic corrosion occurred
in the less precious region [16].

The highest allowable formability in customized blank
AA6061 plates joined by the FSW using the incremental
sheet forming process was determined to be conical
geometry (both numerically and experimentally), and
the forming limit angles for the base material and the
FSWed sheet were estimated to be 60° and 57.5°, respec-
tively. Increased minor strain, strain variation, and thick-
ness distribution in welded sections, especially near the
base metal area, are all factors that contribute to failure in
FSWed samples [17]. Because of the effect of AA2024-T3
AH on the hardness of the stir zone in the FSWed joints
of the AA2024-T3, the hardness of the stir zone has dimin-
ished owing to over aging [18]. However, the heat treat-
ment methods used in each study differed, and there is
only a limited amount of research on the effect of AH on the
corrosion rate (CR) of 2xxx series aluminum alloys. AH’s
influence on the characteristics of FSWed AA6061, AA2024,
and AA2010 joints was examined using solutionizing

temperatures of 520, 540, and 560°C, followed by aging
at 175 or 200°C on tensile strength. For higher SS, the
heat-treated samples had a higher tensile strength than
the as-welded samples. Due to the high heat input
during welding and the coarsening of precipitates, the
heat treatment approach has a somewhat negative influ-
ence on the tensile strength of samples with lower SS.
The hardness profile shows that, regardless of the treat-
ment parameters, increasing the soaking time during
aging within limits enhanced the hardness values of
the samples. The Tafel graphs show that the aged sam-
ples had higher passivity than the unaged ones [19].

The influence of AH on the tensile characteristics of
AA6061 FSW joints was investigated. The augmented
aging treatment is shown to be more effective than the
solution treatment in enhancing the tensile strength [20].
The impact of AH on the mechanical behavior of FSWed
AA2024-T4 alloy joints was investigated. The T6 aging
treatment improved the mechanical qualities of the
AA2024-T4 joints, according to researchers [12,21]. The
microstructure and mechanical characteristics of AA7039
alloy post-weld heat-treated FSW joints were investigated.
It has been discovered that naturally aged joints have the
highest mechanical qualities, while AH-treated joints have
the lowest mechanical characteristics [21]. The effect of
AH treatments on the morphological and mechanical
characteristics of AA6082, an FSWed alloy, was investi-
gated. It was discovered that samples welded at slower
speeds countered to AH more than models FSWed at
faster speeds. It has also been discovered that with the
right AH therapy, the strength and hardness may be
partially restored [22].

According to the literature review, the corrosion beha-
vior and wear parameters of the FSWed alloy of AA2020
before and after AH and the impact of AH on the aging
period have not been explored. The purpose of this study
is to observe how different FSW process parameters affect
the wear rate and corrosion features of FSWed joints made
of AA2020-T6 alloy and to see observe different curing
periods and post-AH techniques affect the wear rate and
corrosion features of AA2020-T6 FSW joints. The corrosion
behavior will also be described using microstructures and
Tafel graphs.

2 Materials and methods

The Al alloy AA2020-T6 plates are tested for their config-
uration before FSWed. The configuration of the alloy in
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wt% is found to comply with the specifications. The com-
position in wt% of the various elements present in the
alloy having 93.80 (Al), 0.008 (Cr), 3.96 (Cu), 0.56 (Mg),
0.48 (Mn), 0.67 (Si), 0.066 (Ti), 0.16 (Fe), and 0.057 (Zn).
The 6 mm thick plates are cut to 100 × 50 mm dimen-
sions and welded using an FSW machine with a tool
rotational speed of 750–1,350 rpm (capacity of 3,000 rpm),
a weld speed (WS) of 25–45 mm·min−1 (maximum of
200 mm·min−1), and an axial load (AL) of 10–14 kN
(maximum of 20 kN). The FSW tool is built of H13 tool
steel with a square-shaped pin that measures 5.5 mm in
length and 18 mm in diameter and is inclined to 20°
during welding. The plates are joined in a direction
that is perpendicular to the plate’s rolling direction.
Mechanical clamps hold the Al alloy plates against the
backing plate [23].

FSWed joints were cut into specimens and prepped
for morphology studies, wear behavior, and corrosion
trials (see Figure 1). The pin-on-disc apparatus was
used to evaluate the dry sliding wear behavior of the FSW
joints of the alloy AA2020-T6. An electrochemical approach
was used to assess the corrosion properties of the joints.
Before the aging process begins, the microstructural

features of the joints must be analyzed using scanning
electron microscopy, as well as wear rate assessments.
For various aging periods, the AH treatment of the FSW
joints of the alloy AA2020-T6 was performed by sub-
jecting them to 1-hour solutionizing at 505°C and then
kept for aging for 8, 10, 16, and 20 h at 175°C. A dilute
mixture (10 g NaOHwith 50mL deionized water)was used
to etch polished specimens, which were then examined
through a scanning electron microscopy (SEM).

2.1 Wear test apparatus and specimen
preparation

Wear testing is carried out using a pin-on-disc machine
and extracted wear test specimens, as shown in Figure 2.
This equipment is used to test the wear and friction prop-
erties of materials that are exposed to sliding contacts in
either dry or lubricated configurations. The disc is rotated
against a fixed pin, while the load, disc speed, and track
diameter are varied throughout the wear test. It complies
with the ASTMG99 standard. For testing, an FSWed sample
with a 3mm2 and a 30mm height is employed. As a coun-
terpart, a disc with a thickness of 12mm and a diameter of
150mm is employed. With different forces, the pin is forced
against the disc. A sliding rate of 1.5 m·s−1, a track diameter
of 10 cm, and 1.8 km were used for a test. The weight loss
technique is used to calculate the wear rate in mm3·min−1.
Figure 3 shows the extracted wear test specimens.

Before and after each trial, the wear area of the
FSWed specimens and the wear track are cleaned withFigure 1: Friction stir welded samples.

Figure 2: Pin-on-disc wear testing machine with counter disc and extracted wear test specimens.
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acetone and weighed with a microbalance (with an accu-
racy of +0.0001 g). By keeping the test settings constant,
the operation is repeated for all the samples. The average
mass losses are used to compute the wear rates of the
samples, which are provided in equation (1), and the
specific wear rates, given in equation (2).

=

∗

∗ρ
Wear rate ML 1,000

SD
, (1)

where ML = mass loss in g, ρ = density (2.8 g·cm−3), and
SD = sliding distance (1,500m).

=Specific Wear Rate Wear Rate
AL

. (2)

2.2 Corrosion test

Polarization resistance is one of the electrochemical mea-
surement methods to assess the CR of FSWedmodels. The
current output is assessed after the models are polarized
for a few millivolts on and near the open-circuit potential
(OCP). The open-circuit voltage (OCV) is the potential of
the working electrode with respect to the reference elec-
trode when no potential or current is provided to the
cell [24].

The specimens’ surfaces (as weld and heat treated)
polished with SiC papers (graded 100–1,200 μm) and
then cleaned in deionized water. The corrosion test is
performed in a 3.5% NaCl solution using a “Metrohm
DropSens Potentiostat” and the linear polarization resis-
tance technique. In this experiment, the reference elec-
trode is an Ag/AgCl electrode, with which all potential

data are compared. A platinum wire loop serves as the
counter electrode, while the welded sample serves as the
working electrode.

The Al alloy plates are welded in a butt configuration
with the following process parameters. Several trial welds
have been carried out to arrive at the parameters for the
investigation. The welds produced with speeds beyond
45mm·min−1 are found to have tunnel defects and cracks;
hence, the WS is limited to 45 mm·min−1. Similarly, the SS
is limited to a maximum value of 1,350 rpm. The samples
with respect to values of process parameters are pre-
sented in Table 1. The tool is inclined at 200 during the
FSW operation with other tool parameters such as the
tool shape, pin length, and shoulder diameter is kept
constant throughout the experiment. The CR is deter-
mined using the Icorr value using equation (3).

( )

( ) [ ]= × ⋅ × /

−I ρ
Corrosion rate mils per year

0.13 µA cm Equivalent weight .corr
2 (3)
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Figure 3: (a) Wear rates and (b) specific rates of the samples.

Table 1: Corrosion specimen details

Sample No. Spindle
speed (rpm)

Welding speed
(mm·min−1)

Axial
load (kN)

FSW1 750 25 10
FSW2 750 35 12
FSW3 750 45 14
FSW4 1,000 25 10
FSW5 1,000 35 12
FSW6 1,000 45 14
FSW7 1,400 25 10
FSW8 1,400 35 12
FSW9 1,400 45 14
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3 Results and discussion

3.1 Wear test

Table 2 shows the average mass loss, wear rate, and spe-
cific wear rate of the specimens in the three sets of the
samples to improve the measurements.

Figure 3(a) and (b) illustrate the variance in wear rate
and specific wear rate of the as-FSWed samples, respec-
tively. The wear rate changes dramatically with the mod-
ification in weld settings, as shown in the figures. The
wear rate of low SS (750 rpm) welded specimens ranges
from 4.09 × 10−3 to 2.65 × 10−3 mm3·m−1. For low and
medium SS, the wear rate steadily reduces as the WS
increases (1,100 rpm). When comparing the wear rates
of the FSWed samples with high SS (1,350 rpm) to the
other samples with different WS, the wear rates of the
FSWed samples with high SS (1,350 rpm) are greater. The
sampleFSW8hasthemaximumwearrate (2.995× 10−3mm3/m).
The sample FSW6 (2.62 × 10−3mm3/m) has the least wear

rate. The wear rate of FSWed samples with high SS of
1,350 rpm (i.e., samples FSW7 to FSW9) does not show
enough variation in trend, but it does in samples with an
SS of 1,350 rpm. As a result, the influence of weld process
parameters on wear rate was investigated.

According to the findings, the SS is the most impor-
tant FSW element in determining the wear rate, followed
by the AF and finally the WS.

3.2 Wear morphology

SEM images of the wear samples FSW1 and FSW9 after the
dry sliding wear test are shown in Figure 4a and b,
respectively. In the SEM pictures of sample FSW1, the
presence of microscopic wear debris particles suggests
a reduced wear rate. In the SEM pictures of sample
FSW9, the presence of large wear waste particles suggests
a high wear rate.

Table 2: Average mass loss, wear rate, and specific wear rate of specimens

Sample ID Mass loss (g) Average mass
loss (g)

Wear
rate (m3·m−1)

Specific wear rate
(m3·Nm−1)

First set of
specimens

Second set of
specimens

Third set of
specimens

FSW1 0.89498 1.29466 1.0613 1.08364 4.09 × 10−3 2.05 × 10−4

FSW2 0.89974 1.00795 0.8561 0.92127 3.49 × 10−3 2.05 × 10−4

FSW3 0.87493 0.7693 1.2104 0.9515 2.65 × 10−3 1.33 × 10−4

FSW4 1.00837 1.00470 1.41243 1.14183 5.42 × 10−3 5.42 × 10−4

FSW5 1.10225 1.02372 1.24191 1.12263 3.98 × 10−3 1.99 × 10−4

FSW6 1.01776 1.18393 0.94614 1.04928 2.62 × 10−3 1.31 × 10−4

FSW7 1.00613 0.86769 1.18355 1.01912 4.73 × 10−3 2.36 × 10−4

FSW8 1.2719 1.35129 1.14927 1.2575 5.04 × 10−3 2.52 × 10−4

FSW9 1.23846 0.86585 1.35276 1.15235 5.56 × 10−3 2.78 × 10−4

Figure 4: Wear morphology of samples (a) FSW1 and (b) FSW9.
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Increased strain hardening capacity of the material
by demonstrating maximal hardness on the worn surface
resulted in little wear loss in the case of greater aging
FSWed samples. After a lengthy period of the heat treat-
ment, the wear rate can be lowered (16–20 h) Due to
strain hardening on a surface during cyclic loading of
worn surfaces, surface oxidation occurs when a sub-
stance’s stored energy increases, thus increasing the
WR [25]. As demonstrated in the overaged sample, strain
hardened metal with a high point defect density is more
activated on the surface chemically, making it more sus-
ceptible to oxidation under wear test and decreasing the
frictional force. Al2O3 is formed on worn surfaces not
only as a result of metallic surface oxidation but also
as a result of alumina ball particles that have been
removed [26].

On the wear-out surface of 16- and 20-hour-old
models, there were continuous scratches. The wear track
of specimens aged for 16 and 20 hours shows a clear
separation between the aluminum matrix and the worn
surface. Conversely, along the wear track boundary of
the overaged sample, there are remnants of cold deformed
material (see Figure 5a and b).

3.3 Corrosion characteristics and
morphology of as-FSWed samples and
base metal

Electrochemical testing provides the results of CRs of
FSWed models. The polarization test is used to measure
the CRs of as-FSWed samples. The electrochemical ana-
lyzer uses the Tafel plots acquired from the polarization
test to determine/investigate the influence of process
factors on the CR. When the Tafel plot of the base metal

with CP is compared to the FSWed samples FSW1,
FSW2, and FSW3, the corresponding corrosion current
(5.8 × 10−3 A) values are −5.2 × 10−1, −6.2 × 10−1, −4 × 10−1,
and −5.4 × 10−1V, respectively (Figure 6). The polarizations,
(both cathodic and anodic) are more uniform. For FSWed
samples FSW4 to FSW6, the CP from the Tafel plot (see
Figure 7) is −5.3 × 10−1, −5.6 × 10−1, and −5.8 × 10−1V,
respectively, with a corresponding current of 3.42 × 10−3

A. Similarly, the corrosion potential for FSWed samples
FSW7–FSW9 is determined to be −5.5 × 10−1, −5.8 × 10−1,
and −6 × 10−1 V, respectively, with a CC of 4.34 × 10−3 A,
according to the Tafel plot (Figure 8). The joint should
have lower CR values. The CR dropped as SS and WS
increased, as can be seen from the major impact. The
CR shows that as the axial force increases, so does the
CR. The WS is the most affecting element in determining

Figure 5: Wear morphology of samples (a) AH1 and (b) AH12.

Figure 6: Tafel plots of base metal and FSW1 and FSW2.
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the CR, followed by the SS and finally the AL, according
to graphs.

Figure 13 shows the corrosion features of the cor-
roded specimens as seen through SEM images. Pitting
corrosion has occurred in regions surrounding the weld
zone or secondary particles generated at the welding
boundary of comparable Al alloys, as seen in the image.
Cracks were also discovered in the pit region’s particles.

It can be linked to the specimen FSW1, which is smaller
than the other samples, with a CR of 1,208mil per year
(refer to Table 3). The SEM photos of the specimen FSW9’s
corroded layer. Pitting dots can be seen in the picture,
and the density of these spots is higher than that seen in
the bottom layer of the specimen FSW1. There are oxide
surfaces and ploughing of metals seen in the picture,
which may have been produced during the welding pro-
cess and corrosion testing. The sample’s CR is found to
be 1,523 mil per year, which is greater. Due to cathode side
precipitates, the Al2Cu phase forms, which increases the oxi-
dation of Al and the creation of corrosion crevices, whereas
Al2 CuMg tends to precipitate at the grain boundary,
resulting in a copper-deficient zone and both have anodic
properties promoting intergranular corrosion in the over-
aged sample due to coarsened Al2CuMg [27].

3.4 Effect of precipitation hardening on
corrosion characteristics

The study used aluminum alloy plates welded with three
different SS, WSs, and axial stresses. Other factors such
as axial force, tool tilt angle, and tool dimensions are
maintained constant to examine the influence of the AH
with aging, and the number of variable parameters is
kept at two levels to study the effect of the AH treatment.
Table 4 presents the procedure parameters as well as the
corresponding sample identification.

3.4.1 Open circuit potential (polarization
curve – TAFEL plot)

In the weld section, Figure 9 displays the OCP curve for
models AH5 to AH8 (i.e., at 1,100 rpm, 25–45mm·min−1,
AH treated).

Figure 7: Tafel plots of base metal and FSW4, and FSW3 samples
FSW5, and FSW6 samples.

Figure 8: Tafel plots of base metal and FSW7, FSW8, and FSW9

samples.

Table 3: CR of different samples

Sample types CR (mil per year)

FSW1 1208.4996
FSW2 1248.2844
FSW3 1294.8936
FSW4 1374.0276
FSW5 1395.372
FSW6 1420.3464
FSW7 1509.9348
FSW8 1521.696
FSW9 1523.0028

Wear and corrosion properties of FSWed AA2020-T4 with heat treatment  693



During the first several minutes following immersion,
the OCV varies, but it finally settles down. For AH6, AH7,
AH8, and AH9, the OCV of the specimens is −0.5 to
−0.55 V, −0.6 to −0.64 V, −0.66 to −0.73 V, and −0.76 to
−0.83 V, respectively. OCV graphs, demonstrating the
dissolving tendency of 22- and 18-hour-aged specimen
with negative affective OCV (approximately −0.83 and
−0.73 V). The OCV of 8- and 10-hour aged specimens is
about −0.52 and −0.62 V, respectively, indicating that
these specimens are less corrode prone (Figure 10).

Figure 10 depicts the Tafel plots of samples AH1, AH2,
AH3, and AH4. All of the specimens’ potential dips are
between −0.46 and −0.52 V, as shown in the graph.
Sample AH1 has a corrosion current of 0.01813 A, which
is less than the other samples. Sample AH1 has a CR of
1,886 mils per year, which is lower than samples AH2,
AH3, and AH4. CRs grow with age.

Figure 11 shows a Tafel graph of specimens AH5, AH6,
AH7, and AH8. All of the specimens’ potential drops are
between −0.38 and −0.50 V, as shown in the graph.
Sample AH8 has a corrosion current of 0.006898 A, which

is smaller than the other specimens. Sample AH5 has a CR
of 2,391 mils per year, which is lower than samples AH6,
AH7, and AH8.

Figure 12 depicts a Tafel diagram of the specimens
AH9, AH10, AH11, and AH12. As shown in the graph, all of
the samples’ probable dips would be between −0.4 and
−0.5 V. Sample AH12 has a corrosion current of 0.7733 A,
which is lower than the other samples. Sample AH9 has a
CR of 1,627 mils per year, which is lower than samples
AH10 to AH12. In all situations, high-aging FSWed models
exhibited a greater CR when compared to various SS, WS,
and AL.

The CRs of aged FSWed samples are present in Table 5.
The CRs are calculated using Tafel plots and the software’s
analytical capabilities. The results demonstrate that AH

Table 4: Sample ID for different process parameters

Spindle-
Speed
(rpm)

Welding-
Speed
(mm·min−1)

Axial-
Load
(kN)

Sample designation for
various age hardened periods

8 h 10 h 16 h 20 h

750 25 10 AH1 AH2

750 35 12 AH3

750 45 14 AH4

1,100 25 10 AH5 AH6

1,100 35 12 AH7

1,100 45 14 AH8

1,350 25 10 AH9 AH10

1,350 35 12 AH11

1,350 45 14 AH12
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Figure 9: OCV plot for sample AH5 TO AH8.

Figure 10: Tafel plot for AH1, AH2, AH3, and AH4.
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FSWedmodels are more resistant to the specified corrosive
media for practically all machining parameters. Increasing
the aging period, on the other hand, increased the corro-
sion current and, as a result, the CR.

3.4.2 Microstructural examination

Because the cumulative impact of intergranular with cre-
vice (pitting) corrosion is the primary corrosion process,
the high aging sample (20–18 h) showed the highest CR,

while pitting corrosion was the predominant problem
in the 16 and 10 h aged FSWed sample (Figure 13). None-
theless, as observed in SEM pictures, pitting corrosion
affected the overaged sample more than the 8- and 10-
hour aged sample. In conclusion, the maximum CR of
6564.82 mil per year as predicted by the OCP value is
seen in the 20-hour aged sample, whereas the lowest
CR of 5904.8 mil per year is observed in the 18-hour
aged sample with peak strength (Table 5). Because arti-
ficial aging lowers intergranular corrosion susceptibility,
attaining peak strength reduces intergranular corrosion
susceptibility. Controlled aging close to threshold strength
inhibits the formation of the copper-deficient sector by
blocking the precipitation of coarse Al2CuMg phase at
the grain boundary. As a result, intergranular corrosion
may be effectively managed [28].

4 Conclusions

Corrosion experiments in a 3.5% NaCl solution, Tafel
polarization tests, and CRs for the welded specimen
were done utilizing a three-electrode galvanic cell and a
Galvanostat. With the most important factor, welding
speed, the specimens were discovered to be more corro-
sion resistant. In contrast to the progressive decrease in
wear rate, the WS was steadily increasing the rate of
corrosion at the low SS of 750 rpm. The samples welded
with a high SS of 1,350 rpm have higher wear rates than
the other samples. The results suggest that the factor SS,
rather than the welding speed or the AL, is the most
important in regulating the wear rate. As visible in the
SEM portrait of the corroded pieces, pitting corrosion has
occurred in regions around the second phase (welded

Figure 11: Tafel plot for samples AH5, AH6, AH7, and AH8.

Figure 12: Tafel plot for AH9, AH10, AH11, and AH12 samples.

Table 5: CR of welded samples

Sample designations CR (mil per year)

AH1 1886.12
AH2 4627.46
AH3 7916.58
AH4 10550.56
AH5 2391.2
AH6 2542.48
AH7 5917
AH8 6988.16
AH9 1627.48
AH10 4801.92
AH11 5904.8
AH12 6564.82
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region) particles, and splits have arisen in the trench
region of the granules.

The wear and corrosion characteristics of the as-
FSWed and precipitation hardened (during various aging
periods) specimens revealed that as they age, the wear
behavior becomes more inactive, and the Tafel plots
revealed that the aged samples had a larger inactivity.
The statistics reveal that welding speed has a direct influ-
ence on the rate of corrosion. If the tool rotational speed,
welding speed, and AL are adjusted to higher values
in the examined process range, the wear rate can be
reduced.

By studying the CR of welded samples at above room
temperatures, the research can be extended to evaluate
the influence of corrosion medium temperature on the
welded samples, as well as the influence of wear factors
on the wear rate of welded aluminum plates by adjusting
the wear test parameters and the environment.
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