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ABSTRACT

This research explores the influence of welding settings (tool rotational speed, travel
speed) on mechanical characteristics (tensile, micro-hardness), microstructure, and
corrosion performance of dissimilar butt joints between aluminum alloys AA7075-T6
and AA6082-T6, which were fabricated by friction stir welding (FSW). The study
considers three varied tool rotational speeds (1600, 2000, and 2300 rpm) in conjunction
with three varied tool travel speeds (30, 40, and 50 mm/min). The butt joints were
created by welding plates that were 6 mm thick. The welded specimens underwent
characterization through optical microscopy, SEM, tensile testing, micro-hardness
testing, and corrosion testing. Macroscopic observations of the samples revealed a
range of stir zone shapes and defects that resulted from both inadequate and excessive
heat input during the welding process. Analysis of the microstructure and results from
the tensile testing indicated that the specimens produced using FSW settings of 2000
rpm and 40 mm/min achieved a peak ultimate tensile strength, demonstrating a value
of 150 MPa. The micro-hardness values exhibited variations corresponding to changes
in rotational speed, attaining a peak value of 240 HV at a rotational speed of 2300 rpm
and a travel speed of 40 mm/min. The best mixing of the joined materials was achieved
at a maximum welding rotational speed (2300 rpm) and medium travel speed (40
mm/min). A corrosion analysis of welded joints was conducted using a
potentiodynamic polarization test in a solution containing 3.5% sodium chloride
(NaCl). The welded zone (WZ) exhibits a reduced corrosion current density (Icor),
attributed to the occurrence of galvanic corrosion. The performance of corrosion
within the WZ is impacted by the rotational speed and tool travel speed. Lowering the
speed of the rotation tool leads to a decrease in the corrosion rate. Optimal corrosion
resistance is achieved in the joint created at 2300 rpm and 30 mm/min, attributable to
the suitable density and size of precipitates.

KEYWORDS: Joining dissimilar alloys, friction stir welding, microstructural analysis,

mechanical characteristics.
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1. INTRODUCTION

Aluminum alloys stand out in various applications, distinguishing themselves
from alternative materials due to their malleability, allowing for the facile shaping of
diverse structures through straightforward mechanical processes. The utilization of
aluminum alloys is essential in crafting vehicle bodies, as well as in the production of
heat exchanger units, aerospace components, thermal unit boiler constructions, and all
boiler accessories [1,2].

Traditional welding techniques struggle with joining aluminum alloys due to
strength loss [3 — 5]. However, advanced solid-state joining methods like FSW have
demonstrated efficacy in producing high-quality welds, even in materials challenging for
conventional fusion welding [6 — 8]. In FSW, the tool performs two main functions:
producing heat and aiding the flow of material. The interaction between the tool
rotational speed and the workpiece frictionally softens the material without causing it to
melt, and the low temperature resulting from friction minimizes contractions during
solidification and cooling, reducing distortions. This process is simpler compared to
using fillers or gas shields [9, 10].

The selection of varied materials for different components as structural elements
depends on the specific performance criteria influenced by operational conditions, the

manufacturing process, and production expenses. Consequently, welding dissimilar
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aluminum alloys becomes necessary, particularly for alloys like 6xxx and 7xxx, with the
latter being highly prevalent in the transportation and automotive sectors, accounting for
a substantial weight percentage [11, 12]. The 6xxx series offers good formability,
moderate strength, and high corrosion resistance, The 7xxx aluminum alloys demonstrate
superior strength performance compared to all other commercially available aluminum
alloys. Through thermal treatment processing and an improved strength-to-weight ratio,
these alloys emerge as potential alternatives to steel in the automotive sector [13].

The welding settings of FSW with a focus on joining aluminum alloys 6061-T6 and
7075-T6 with a thickness of 4.76 mm. The research focused on improving joint quality by
incorporating programmed tool offsets and monitoring dynamic temperatures at the
tool-workpiece interface during welding. The study clarified the influence of alloy
positioning and weld tool offset on the joint. The findings indicated that strengthening
the joint can be accomplished by decreasing the welding temperatures and increasing the
incorporation of AA7075 into the nugget zone (NZ) [14].

Additionally, the impact of welding settings on FSW joints involving aluminum
alloys AA6101-T6 and AA7075-T651. Their analysis of tensile behavior, hardness, and
wear demonstrated a positive correlation between the increase in travel speed and the
rise in ultimate tensile strength (UTS). Conversely, UTS decreased with higher rotational
speed values. Fracture analysis revealed that all specimens experienced failure in the heat
affected zone (HAZ) in proximity to the AA6101-T6 alloy. The micro-hardness exhibits
variability within the HAZ and NZ under consistent rotational and travel speeds. The
highest wear resistance occurred at a rotational speed of 1850 rpm and a welding speed
of 65 mm/min. In contrast, improved material mixing occurred in the NZ of the welded
specimens at 1250 rpm and 110 mm/min [15].

A computerized numerical control (CNC) machine to join AA6061 and AA7075
aluminum alloys through FSW [16]. Their study emphasized the use of optimal rotational
speeds at 1250 rpm and a travel speed of 120 mm/min, leading to the production of welds
without defects. In related research, Guo et al. [17] emphasized that increasing welding
speed, leading to reduction in heat input, and enhanced material mixing conditions at the
NZ when positioning the harder alloy (AA7075) on the retreating side and softer alloy
(AA6061) on the advancing side the during FSW. Additionally, D.A. Dragatogiannis [18]
reported that the thermal profile and material movement in FSW are affected by the
arrangement of different materials on either the retreating or advancing side of the welds.
These collective findings contribute to our understanding of optimizing FSW processes
for dissimilar aluminum alloys.

Several researchers have explored the corrosion behavior of FSWed alloys [19-
21]. In a study by Won V. Fahimpour et al. [22], the corrosion characteristics of AA6061
joined by FSW and gas tungsten arc welding (GTAW) were investigated. Their findings
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revealed that corrosion resistance was superior in FSW grains compared to the GTAW
structure. However, the WZ demonstrated increased vulnerability to corrosion when
compared to the base metal (BM). This observation aligns with similar results reported
by [23, 24]. In contrast, Peng Dong [25] presented results suggesting that the BM is
especially prone to intergranular corrosion, primarily due to the uninterrupted formation
of Si and Q phases, which are cathodic, along the boundaries of the grains coupled with
the absence of precipitates along the grain boundaries in the precipitate-free zone.
Another study by Ales et al. [26] focused on the impact of FSW on the corrosion behaviors
of AA2024-T4 aluminum alloy. The study emphasized that corrosion initiation took place
at locations associated with FSW, and the sizes of localized corrosion increased over time.
These collective investigations contribute valuable insights into the corrosion dynamics
of friction stir-welded alloys.

Science the welding of AA6082-T6 and AA7075-T6 by FSW also poses some
challenges, such as the selection of optimal process parameters, the control of material
flow and mixing, the characterization of microstructure and mechanical properties, and
the understanding of the failure mechanisms [27 — 30]. So, this research endeavors to
assess the impact of two primary factors, namely rotational tool speed and travel tool
speed, on the microstructure, mechanical characteristics, and corrosion behavior of
dissimilar FSWs. The investigation focuses on characterizing welds between materials
with high mechanical strength (AA7075-T6) and elevated resistance to fresh and
saltwater corrosion (AA6082-T6), representing commercial aluminum alloys. The
primary objective is to explore the feasibility of joining dissimilar metals (AA7075-T6 and
AA6082-T6) and augmenting welding strength through the optimization of process
parameters. The selection of these parameters and their respective ranges is grounded
not only in literature support but also in trial experiments.

Selecting AA6082-T6 and AA7075-T6 for joining by FSW is strategic due to their
distinct properties. AA6082-T6 is known for its excellent corrosion resistance, strength,
and machinability, making it ideal for structural applications. 7075-T6, on the other hand,
offers superior strength but is more prone to corrosion. FSW allows for the effective
joining of these alloys, leveraging the strengths of each while mitigating their weaknesses.
This method provides robust, high-quality welds, essential for applications demanding
high strength and durability, such as in the aerospace and automotive industries. The
welding of these two alloys by FSW can achieve a balance between strength and ductility,

and improve the performance and efficiency of the structures [28 — 31].

2. MATERIAL AND EXPERIMENTAL PROCEDURES

The materials used in current investigation are aluminum alloy AA6082-T6 and
AA7075-T6, the two-rectangle plate of dimension 200x100x6 mm butt welded by friction
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stir welding, The chemical composition of the aluminum alloys is presented in Table 1,
while Table 2 provides the mechanical characteristics. A taper cylindrical threaded tool
is used in the FSW which is made of quenched and tempered tool steel (K110) after heat
treatment, the tool chemical composition in presented in Table. 3, FSW tool has 4.5 mm
pin length and a concave shoulder with diameter 16 mm as illustrated in Figure. 1. The
two plates are joined together by a butt weld where the FSW process perpendicular to the
plates” direction. Dissimilar FSW process was occurred by positioning the low strength
aluminum alloy (AA6082-T6) at the advancing side (AS) and the high strength aluminum
alloy (AA7075-T6) at the retreating side (RS), Positioning the weaker alloy at the RS
results in a stronger weld region compared to when the low-strength alloy is placed at
the AS [8].
A CNC milling machine, denoted as LMV 800, equipped with a primary power

motor rated at 11 kW and operating at 380 V, possessing a maximum rotational speed of
10000 rpm. This milling machine is employed for FSW applications through the

utilization of a fixture.

Table .1 The weight percentage of elements in the alloy compositions of AA 6082-T6
and AA 7075-T6.
Base alloys | Mg Si Fe Ti Zn Cr Cu Mn Al
AA6082-T6 | 0.735 | 1.5 | 0.299 | 0.0229 | 0.0360 | 0.0027 | 0.0639 | 0.743 | 96.5
AA7075-T6 | 237 | 0.106 | 0.273 | 0.0296 | 5.65 | 0.197 | 2.62 |0.0412| 88.6

Table. 2 Mechanical characteristics of AA6082-T6 and AA7075-T6 alloy.

Alloys oy (MPa) ou (MPa) Elongation | Microhardness
(%)
AA6082-T6 241 205 12 108
AA7075-T6 526 528 12 171

Table. 3 Chemical composition of tool steel K110 (wt. %).
Elements C Fe Mn P S Cr Mo A%
W% 1.81 85.42 | 0.226 | 0.0243 | 0.0084 | 11.01 0.75 0.75
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Fig. 1. Tool (a) Engineering drawing (b) Real image.

In Fig. 2 (a), the fixture is securely affixed to the milling machine table to mitigate
vibrations arising from the frictional forces inherent in the welding process. Fig. 2 (b)
shows the two aluminum alloys AA6080-T6 at the AS and AA7075-T6 at the RS after the
FSW process. In addition, Fig. 3 presents a schematic illustration for the FSW process for
the two welded Aluminum alloys showing the AS and RS and the position of the cut
tensile test sample within the welding zone. Experimental trials are conducted to
ascertain the operational characteristics and permissible ranges of these process
parameters. The outcomes of these trials are summarized in Table 4, presenting the
influenced process parameters and their respective working ranges for dissimilar FSW
involving AA6082-T6 and AA7075-T6 materials.
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Fig. 2. (a) FSW set up and (b) Welding specimen.
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Fig. 3. Tensile test specimen across the welding joint between AA 6082-T6 and AA 7075-T6

Table. 4 Friction stir welding parameters.

) Rotation Speed (rpm)
Travel Speed (mm/min)
1600 2000 2300
30 S1 S2 S3
40 M1 M2 M3
50 H1 H2 H3

All joints underwent perpendicular cross-sectional cutting in relation to the
welding direction to facilitate subsequent metallographic analysis. The metallographic
specimens' cross-sections were meticulously prepared using established metallographic
techniques. This involved sequential grinding with silicon carbide sandpapers of varying
grit sizes (400, 800, 1200, 2000, and 2300), followed by mechanical polishing utilizing a
0.3um alumina suspension. Subsequently, the specimens were subjected to etching using
Keller's reagent composed of 2 ml HF (48%), 3 ml HCL, 20 ml HNOs, and 175 ml water.
The resulting microstructures were then examined using an optical metallographic
overturned microscope (OLYMPUS PMG 3).Transverse tensile strength assessments were
conducted to appraise the mechanical characteristics of the welding joint. Tensile
specimens were accurately sectioned along the longitudinal direction of the weld line,
with the specimen's geometry and dimensions detailed in Fig. 4 according to ASTM
E8/E8M. The tensile tests were executed at room temperature utilizing a Universal
Testing Machine. The UTS was determined by averaging the results from three
specimens. Additionally, the yield strength was calculated from the stress strain curves
generated by the machine, considering 0.2% strain. Micro-hardness testing was
conducted using a Vickers micro-hardness machine with a 200-gram applied load for 10
seconds at Imm intervals. The hardness measurements were obtained through a Micro-

hardness tester.
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Fig. 4. Fabricated test specimen dimensions according to ASTM.

Corrosion tests were conducted in a 3.5 wt.% NaCl solution for a duration of 24
hours. The potentiodynamic polarization test occurred at room temperature, employing
an electrochemical cell comprising three distinct electrodes. The experimental setup
involved a working electrode, a platinum sheet is used as the counter electrode, while a
saturated calomel electrode (SCE) serves as the reference electrode. Specimens, prepared
by cutting and grinding to a 2000 grit finish, had their sides and backs insulated with
Teflon to ensure that only the exposed surfaces interacted with the solution. Evaluation
of Icorr and corrosion potential (Ecorr) involved fitting the data from the polarization curves

using a Tafel-type approach.

1. Results and Discussions

3.1 Macro and Microstructural Examination

Table 5 displays the surface features and macroscopic structures of
AA7075/6082 FSW joints, which were produced using the taper-threaded pin and varying
welding parameters. Examination of the upper surface of the welds revealed
predominant semicircular features and distinct ribbon flashes in most joints. Macroscopic
analysis of the nine FSW joints highlighted variations in macrostructures influenced by
welding parameters, and certain welds exhibited discernible inner defects. The
macrographs of all specimens exhibit uneven material distribution from the higher
section of the WZ to the lower section, as indicated in Table 5. This nonuniformity may
stem from fluctuations in the contacting surface between the tool pin and the welded
materials, attributed to the taper threaded tool pin configuration employed during
welding. The application of Weck's reagent highlights a lighter color for 7075-T651 and a
darker color for 6082-T6.

Sample S1 displays the minimal level of blending; furthermore, macrostructure
examinations indicate the presence of a cavity defect predominantly located at the bottom
of the joints. Reduced heat input results in increased flow stresses, Resulting in
insufficient material displacement and impeding material consolidation. In contrast,
joints S2 and S3 facilitate a clearer identification of the distinctive shape of the FSW joints.

The FSW AA7075/AA6082 joints M1, M2, M3 exhibited a well-blended area

without surface cavity defects. Conversely, the examination of FSW joint photos was
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carried out with an optimal level of mixing. Elevating the feed rate to 50 mm/min led to
flawed FSW AA7075/AA6082 joints for specimens (H1, H2, H3), leading to hole defects.
These defects formed at this feed speed level resulted from inadequate heat input. It can
be deduced that employing the highest welding speed in the study led to the occurrence
of wormhole defects, primarily attributable to insufficient material flow and a deficiency
in joint filling.

Fig. 5 illustrates a macrostructure example of the FSW joint for sample S1 of
AA7075/AA6082, depicting characteristic zones. This welding joint was created with a
rotational speed of 1600 rpm and a transverse speed of 30 mm/min. Macro observations
revealed asymmetry on both sides of the weld, attributed to the inherent characteristics
of the process. Microscopic examination further indicated a lack of substantial material
mixing.

A minimal amount of material from one side is transferred to the other side of the
NZ [35]. Different zones are noticeable in the weld, attributed to the temperature gradient
across the weld cross-section and significant uniform deformation [36].

Microscopic observations revealed distinct zones: the HAZ, the thermomechanical
affected zone (TMAZ), the pin affected nugget zone (PANZ), and the shoulder affected
nugget zone (SANZ) on either flank of the joint. Figure 5 illustrates these regions, with
the SANZ zone located in the upper third of the welding zone and the PANZ zone
occupying approximately two-thirds of the lower nugget joint. These regions are
designated as follows: A - base material in the AA7075 edge, B - TMAZ/HAZ in the
AA7075 edge, C - SANZ in the AA7075 edge, D - SANZ/PANZ border in the AA7075
edge, E - SANZ in the center, F - PANZ in the AA7075 edge, G - PANZ in the AA6082
side, H—SANZ/PANZ border from the AA6082 perspective, [ —-SANZ from the AA6082
edge, ] and K - TMAZ/HAS in the AA6082 edge.
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Table 5. Surface characteristics and macrostructures of FSWed joints in AA7075-T6 and
AA 6082-Tb6.

Sample No. FSW joints Macrostructure

Surface Morphology

S1

52

S3

M1

M2

M3

H1

H2

H3

Delineating the boundary between the TMAZ and HAZ through optical
microstructural observation proves challenging, making it difficult to precisely identify
the termination of the HAZ toward the BM. Nevertheless, the demarcation between the
TMAZ and the Pin-Affected Nugget Zone/Shoulder-Affected Nugget Zone
(PANZ/SANZ) is readily noticeable thanks to the uniform size and morphology of the
grain (Fig. 5 C, D, ]). The observation suggests that multiple layers of materials from the
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AS (6082-T6) of the weld seem to be more extensively integrated into the 7075-T6 on the
RS at the weld regions (Fig. 5, F, G, H).

Fig. 6 illustrates the grain refinement compared to the base materials. Panel (A)
provides a clear view of the shoulder-affected zone and pin-affected zone from the
AA7075 side. Panel (B) showcases the microstructure of the TMAZ and HAZ from the
AA7075-T6 side, while Panel (C) displays the microstructure of the TMAZ and HAZ from
the AA6082-T6 side.

AAT7075-RS

Fig. 5. Microstructure of Different welded region at 1600 rpm and 30 mm/min.
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Fig. 6. Microstructure of (a) SANZ + PANZ, (B) The microstructure of TMAZ and HAZ
from the side AA 7075-T6 shown in (B), (C) TMAZ and HAZ from the side AA 6082-T6

in 51 sample.
3.2 Mechanical Behavior

3.2.1 Tensile Testing

Table 6 tabulates the measured tensile strength values for the purposed welding
conditions presented in Table 4. In addition, Fig. 7 shows the tensile strength values in a
bar chart to provide a clear comparison between the measured tensile strength values
with respect to the applied travel speeds (30 mm/min, 40 mm/min, and 50 mm/min), and
rotational speeds (1600 rpm, 200 rpm and 2300 rpm). It was noticed that the maximum

measured tensile strength was attained at a travel speed of 40 mm/sec and a rotational

speed of 2000 rpm.
Table 6. Tensile strengths of FSW plates AA 7075-T6 and AA 6082-T6.
Experiment No 1 | 2 [ 3 s | 5 | 6 7 | 8 | 9

Travel speed (mm/min) 30 40 50
Rotational speed (rpm) 1600 | 2000 | 2300 | 1600 | 2000 | 2300 | 1600 | 2000 | 2300
Tensile strength (MPa) 95 68 81 57 150 100 88 87 77

160

[

g 10 = 1600 RPM |

< = 2000 RPM

5 120 2300 RPM |

& 100

»

o 80

2

e 60 -

[5]

g 40

E

= 20

5

0 i

30 40 50
Travel Speed (mm/mim)

Fig. 7. Influence of tool travel speed (mm/min) and rotational speed (rpm) on the UTS of
the welded joints.
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Aluminum Magnesium Silicon (Al-Mg-Si) Phase: AA6082-T6 contains this
phase, which contributes to its excellent strength and weldability. The presence of
magnesium and silicon enhances the alloy's mechanical properties, making it suitable for
structural applications where strength and formability are important [34].

Aluminum Zinc Magnesium Copper (Al-Zn-Mg-Cu) Phase: 7075-T6 is known for
its high strength-to-weight ratio, primarily due to the presence of this phase. The addition
of zinc, magnesium, and copper results in the formation of strengthening precipitates,
such as the 1 (eta) and O (theta) phases, which contribute to the alloy's exceptional
strength [35].

The different phases in AA6082-T6 and 7075-T6 play a crucial role in determining
their mechanical properties. In AA6082-T6, the Al-Mg-Si phase enhances strength and
formability, making it suitable for structural applications requiring moderate strength
and good weldability. Conversely, 7075-T6, with its Al-Zn-Mg-Cu phase, exhibits
exceptionally high strength, making it preferred for applications demanding superior
mechanical properties [36].

Figure 8 illustrates the failure locations of all the welded joints. The observation

indicates that fracture takes place in the AS-HAZ, attributed to the accumulation of heat.

(a-)—‘_ “@—_
(Mﬁ—t@ i

Fig. 8. Fracture specimen (a)1600 rpm, 30 mm/min (b) 2000 rpm, 30 mm/min (c) 2300
rpm, 30 mm/min (d) 1600 rpm, 40 mm/min (e) 2000 rpm, 40 mm/min (f) 2300 40
mm/min (g) 1600 rpm, 50 mm/min (h) 2000 rpm, 50 mm/min (i) 2300 rpm, 50 mm/min.

Fig. 9 displays a fracture surface characterized by dimples and voids of varying
depths and sizes. This behavior is associated with ductile characteristics and the
development of necking before fracture. The dimples surround the transgranular fracture
surface. This may explain the restricted elongation during the tensile test and the absence
of necking in the sample, as observed in joint AA6082-AA7075. Fig. 9 illustrates large void
sizes formed after some deformation of dimples into a V-shape, possibly contributing to
reduced strength and the degradation of superplastic deformation in materials. On

contrary, the narrow and small dimple in Fig. 10.
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Fig. 10. SEM image and EDX within the fracture surface at 2000 rpm and 40 mm/min.

3.2.2. Hardness Test
The hardness profiles depicted in Figs. 10, 11, and 12 illustrate the variation

across the middle thickness of welded joints, considering three rotational speeds and
three travel speeds. The hardness distribution in all the joints reveals asymmetric
distribution pattern, which is like that found in AA2024/7075 FSW joints [37].
Observations indicated a reduction in the micro-hardness of the BM within all HAZ for
AS (6082-T6) alloys. Nevertheless, a slight elevation in the micro-hardness of the AA7075
alloy was observed towards the weld center, regardless of its location in the RS or AS.
The highest measured micro-hardness value for the AA7075 alloy in NZ was 230 HV at
1600 rpm and 40 mm/min. This can be ascribed to solid solution strengthening resulting
from the stirring of dissimilar alloys. [38]. Furthermore, the non-uniform microstructure
within the NZ is formed because of the asymmetry of FSW, leading to variations in
hardness values. These variations stem from differences in microstructure characteristics

controlled by welding parameters. despite the increase in the micro-hardness of
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aluminum alloys was rare. Mishra et al. [39] reported results indicating a slight rise in
micro-hardness within the weld nugget compared to the TMAZ for marginally (less than
6%) hardened 5083-H112. This phenomenon is attributed to the formation of an extremely
fine grain size FSW.
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Fig. 10. Micro-hardness characteristics in the direction of central axis of the joint

thickness at 30 mm/min.
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Fig. 11. Micro-hardness characteristics in the direction of central axis of the joint

thickness at 40 mm/min.
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Fig. 12. Micro-hardness characteristics in the direction of central axis of the joint
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3.2.3. Corrosion Behavior
The results of the Tafel curves are illustrated in Fig. 13. In addition, the
corresponding measured values are outlined in Table 6. The Icrr and Ecorr provide insights
into the kinetic and thermodynamic tendencies of the specimen, collectively reflecting the
corrosion behavior. Thus, the Lor, Ecorr, and Tafel slopes are also documented.

Fig. 13 (A) display the Ecorr of the base material (BM) and NZ at different rotational
speed (1600 rpm, 2000 rpm, and 2300 rpm) and constant speed 30 mm/min traverse speed,
it is cleared from the figure that, At varying rotational speeds, the Ecorr of a FSWed joint
displays distinct values: 1426.5 mV at 1600 RPM, 814 mV at 2000 RPM, and 1013 mV at
2300 RPM. These measurements are all lower than the BM 6082's Ecorr of 1484.2 mV,
indicating a favorable outcome for the FSWed joint's corrosion resistance.

Fig. 13 (B) presents the Ecorr for the BM and the NZ at a travel speed of 40 mm/min
across different rotational speeds. The Ecorr was recorded as 720 mV at 1600 rpm, 1403 mV
at 200 rpm, and 1455.9 mV at 2300 RPM. The highest corrosion resistance was observed
at 1600 rpm with a value of 18.7 k{)/cm?, while the lowest was at 2300 rpm, measuring
0.25 kQ/cm?. These findings are consistent with those reported in reference [40].

Fig. 13 (C) shows the Ecorr of the base material (BM) and nugget zone (NZ) at a
travel speed of 50 mm/min for different rotational speeds: 1365.3 mV at 2600 RPM, 1432.6
mV at 2000 RPM, and 1415.7 mV at 2300 RPM. These results indicate that the corrosion
rate tends to increase as the rotational speed of the tool increases.

The corrosion resistance of a FSWed joint in aluminum alloys 6082-T6/7075-T6
improves significantly compared to the BM. A more negative Ecorr and a higher Icorr
density indicate a greater tendency for corrosion [43]. In this case, a notably higher
negative Ecorr value of 1455.9 mV and a higher Icorr density of 174.3 pAcm? were
observed at 40 mm/min and 2300 rpm, indicating lower corrosion resistance. Conversely,
a less negative Ecorr value of -720.4 mV at 40 mm/min and 1600 rpm showed higher
corrosion resistance of 18.07 k()/cm? which is significantly higher than the BM's 0.595
kQ/cm?. This demonstrates that dissimilar FSW can enhance the corrosion behavior of
these aluminum alloys.

—at 1600 RPM

A —— 1600 RPN 086+
——2000 RPM 100RPU 06, [ C ——at 2000 RPM
06 —o200RRM ——2000 RPM ——at 2300 RPM
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Fig. 13. Tafel curve of BM and SZ at different speed a) at 30 mm/min, b) 40 mm/min.
and c) at 50 mm/min.
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The presence of magnesium and silicon also improves the corrosion resistance of
AA6082-T6 (See Fig. 9 and Fig. 10). However, it's important to note that the corrosion
resistance of this alloy can still be affected by environmental factors, such as exposure to
aggressive chemicals or saltwater environments. While 7075-T6 is more susceptible to
corrosion compared to AA6082-T6. The presence of copper can make the alloy more
prone to localized corrosion, especially in environments containing chloride ions [42].
The corrosion properties of AA6082-T6 and 7075-T6 are influenced by the alloy's
composition and the types of phases present. While both alloys offer good corrosion
resistance, AA6082-T6 generally has better resistance due to its lower copper content and
the presence of magnesium and silicon, which provide protective oxide layers. However,
7075-T6, with its higher copper content, can be more susceptible to localized corrosion,
especially in aggressive environments [43, 44].
Table 6. Electrochemical parameters measurements for the base alloys AA7075-T6 and

AA6061-T6, along with the FSW zones produced under various welding conditions.

Travel speed | Rotational speed Icor Pola‘r 1zation Corrosion rate

(mm/min) (rpm) -E(mV) vs SCE (LAcm?) resistance (um/y)
(kQ/cm?)

AA 7075- T6 900.2 6.5 8.91 70.302
AA 6082- T6 1484.2 77.6 0.595 845.55
1600 1426.5 200.6 0.75733 2184.7
30 2000 814.4 4.75 7.71 51.713
2300 1013 471 11.96 51.301
1600 720.4 5.1 18.07 55.651
40 2000 1403 28.7 1.41 312.56
2300 1455.9 174.3 0.25150 1898.0
1600 1365.3 50.2 2.76 546.72
50 2000 1432.6 47 0.70326 511.96
2300 1415.7 98.5823 0.73704 1073.6

SUMMARY AND CONCLUSIONS

In this ongoing study, two distinct sheets of aluminum alloys, specifically
AA6082-T6 and AA7075-T6, each possessing a thickness of 5 mm, underwent FSW
utilizing varying rotational speeds (1600, 2000, and 2300 rpm) and travel speeds (30, 40,
and 50 mm/min). The welding process was facilitated by the utilization of a specialized
tapered thread tool. After the welding procedure, a comprehensive assessment of the
efficacy of the welded joints was conducted through a series of tests, encompassing tensile
tests, micro-hardness tests, and corrosion resistance analyses. Furthermore, detailed
analyses of the microstructure in distinct regions, including the HAZ, TMAZ, SANZ, and
BM were meticulously undertaken. Key findings include:

1. The peak tensile strength, reaching 150 MPa, was attained at a rotational speed of

2000 rpm and a travel speed of 40 mm/min. In contrast, the lowest measured UTS
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of 68 MPa was noted at a tool rotational speed of 2000 rpm and a travel speed of
30 mm/min.

2. The highest measured microhardness value, reaching 230 HV, was recorded at
1600 rpm tool rotational speed and 40 mm/min travel speed. Conversely, the
lowest micro-hardness (158 HV) was measured at a rotational speed of 2300 rpm
and a travel speed of 30 mm/min.

3. The corrosion resistance of 6082-T6 was found to be notably higher than that of
AA 7075-T6. The optimum conditions for achieving high corrosion resistance were
identified at a tool rotational speed of 1600 rpm and a travel speed of 40 mm/min,

with a corresponding voltage value of -1.46V.
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