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A B S T R A C T   

This study examined the effect of traverse speed on the mechanical properties, corrosion- 
resistance behavior, and microstructure of friction stir-welded A390/10 wt% SiC composites- 
AA2024 Al alloy joints. The laminar flow of both materials was found to diminish in the stir 
zone (SZ) when the traverse speed of the tool increased from 40 to 80 mm/min, lowering their 
mixing rate. Large aspect ratio Si particles are broken by the tool pin-induced applied plastic 
strain, which turns them into refined equiaxed particles. Their aspect ratio remains unchanged in 
the SZ, despite their decreasing size. SiC and Si particles progressively come into view when 
moving from the AA2024 alloy’s SZ to the composite workpieces. These changes happen abruptly 
as traverse speed increases due to the lack of an interfacial layer structure. The advancing side 
(AS)’s SZ grain size drops from 4.2 ± 0.3 μm to 1.2 ± 0.2 μm as the traverse speed drops from 80 
to 40 mm/min. Increased traverse speed from 40 to 80 mm/min will result in a 5.8% decrease in 
elongation percentage (EP) and 8.4%, 36%, and 10.3% increases in the ultimate tensile strength 
(UTS), corrosion resistance, and yield strength, respectively.   

1. Introduction 

Aluminum matrix composites (AMCs) are a class of materials that have recently come into existence with certain properties, 
including low density and coefficient of thermal expansion (CTE) as well as high strength, specific modulus, and wear resistance. 
Composite material welding is not without its challenges. Reinforcement agglomeration and intermetallic phase formation potential 
should be considered while welding, which can degrade the quality of the resulting joint in certain situations. Certain researchers have 
reported on the fusion welding of particle-reinforced AMCs [1]. Even though these materials are destroyed by conventional fusion 
welding techniques, ceramic particles formed in the weld result in issues that can increase melt viscosity, create residual stresses 
because of various CTEs, and cause particle separation during cooling. Consequently, composites can be welded using solid-state 
welding techniques, which also helps tackle the aforementioned issues. 

One solid-state welding technique used to join metal alloys—primarily Al—is FRICTION STIR WELDING (FSW). Joining of Al alloys 
is becoming increasingly important as Al consumption rises across many industries, aviation chief among them. Originally designed for 
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Al alloys, this process is now applicable to polymers and steels as well. With the flexibility to come up with new designs, this welding 
technique has made it possible to produce joints that are both affordable and of excellent quality. Additionally, defects like porosity, 
slag inclusions, and solidification cracks reduce the joint’s quality and characteristics when joining Al alloys by fusion welding. 
Notably, although solid-state welding techniques, e.g., FSW, deal with a number of issues with AMC fusion welding, such as porosity, 
distortion, cracking, and reinforcement particle dissolution, these materials have a narrower welding window than Al alloys when 
applying the FSW process due to particle reinforcement. 

Few research studies have reported the FSW of AMCs [1–4]. The mechanical properties and microstructure of post-FSW AA6092 Al 
alloy matrix composite reinforced with SiC particles were examined by Salih et al. [5]. The findings demonstrated that the welded parts 
had developed relatively high ductility in addition to enhanced fatigue life due to forming refined equiaxed grains. The impact of the 
tool angle on the mechanical properties and microstructure of the AA6092 matrix composite reinforced with SiC particles was explored 
by Acharya et al. [1]. The findings demonstrated that, although a sound joint forms in the tool tilt angle range up to 2◦, the joint 
strength increases from 1◦ to 2◦ and decreases thereafter. The impact of FSW on the mechanical properties and microstructure of the 
AA6063/SiC composite was also studied by Kaushik and Singhal [6]. According to the microstructural analysis, FSW significantly 
reduces the reinforcement size and ensures that it is distributed uniformly throughout the stir zone (SZ). 

The mechanical properties and microstructural changes of the post-FSW AA6061/SiC composite were investigated by Kumar et al. 
[7]. The findings suggested that, besides traverse and tool rotational speed, the tool tilt angle is another critical factor in deciding the 
joint strength. The FSW of a B4C-reinforced AMC was analyzed by Kalaiselvan et al. [8]. The findings demonstrated that, even under 
conditions of severe plastic deformation (SPD), refined equiaxed grains form when B4C particles are uniformly distributed throughout 
the SZ, and the composite plasticity decreases upon welding. The FSW of a TiC-reinforced AMC was reviewed by Gopalakrishnan and 
Murugan [9]. According to the findings, the joint strength is 90–98% that of the base metal after it has been established. Additionally, 
the welding speed and tool pin profile were found to have a greater impact on the joint’s tensile strength than other factors. The impact 
of the parameters of the FSW process on the wear behavior of an AMC reinforced with SiC particles was explored by Adel Mahmood 
et al. [10]. The findings demonstrated that the microstructural alterations brought about by the welding process factors enhance the 
welding zone (WZ) hardness and wear characteristics and have a major impact on the joints’ wear resistance. The mechanical 
properties and microstructure of an FS-welded A356/SiC composite were inspected by Amirizad et al. [2]. The results demonstrated 
that, in comparison to the original composite, the microstructural alterations in the SZ enhance the mechanical properties, including 
elongation, hardness, yield strength, modulus of elasticity, and ultimate tensile strength (UTS). The impact of the FSW process on the 
AA2124/SiC composite’s joint strength was explored by Bozkurt et al. [3]. The findings indicated that the joint strength decreases by 
enhancing the tool’s traverse speed. 

As previously mentioned, some researchers have looked into Al composite welding. The suitability for joining AMCs with other 
metals is a prerequisite for further applications. The current literature does not include any research on the dissimilar AMC-Al alloy 
joints. The aviation industry makes extensive use of AA2024 Al alloy owing to its high strength, which is achieved via a precipitation 

Fig. 1. The dimensions of FSW tool used in this study.  
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hardening mechanism. AMCs can be fabricated in a variety of ways, including fusion welding. The transportation industry makes 
extensive use of Al-silicon (Si) hypereutectic alloys like A390 because of their excellent wear resistance and hardness, low CTE, good 
castability, and high temperature strength [11]. Utilizing Al–Si hypereutectic alloys to create AMC allows for the creation of a 
composite with exceptional strength-to-weight ratio, high modulus of elasticity, and excellent wear resistance. To capitalize on the 
AMC and Al alloy properties, these two materials were combined herein using FSW. This study examined the impact of traverse speed 
on the dissimilar FSW (DFSW) between the A390/10 wt% SiC composite and the AA2024 Al alloy. 

2. Experimental procedures 

According to earlier research, stir casting was used herein to prepare the A390/10 wt% SiC composite [12]. Sheets of the A390/10 
wt% SiC composite were cast, each measuring 6 mm in thickness. The chemical composition of the A390 ingot was 4.1% Cu, 0.11% Fe, 
16.18% Si, 0.09% Zn, 0.48% Mg, 0.08% Ti, 0.02% Mn, and Al balance (wt%). Additionally, a 6-mm AA2024-T4 Al alloy sheet with a 
chemical composition of 0.14% Si, 1.45% Mg, 4.14% Cu, 0.49% Mn, 0.26% Fe, and Al balance (wt%) was utilized herein to create a 
dissimilar joint. After machining the sheet edges, joining was completed by employing a welding machine operated under position 
control while the FSW procedure was followed. The composite and AA2024 Al alloy sheets were positioned on the AS and RS, 
respectively. As sown in Fig. 1, a WC tool with an 18 mm diameter and a screw cylindrical pin was used for welding. Four traverse 
speeds—40, 60, and 80 mm/min—and an 800-rpm rotational speed were used during the welding process. Based on initial testing, 
which involved a 400–1600 rpm rotational speed range and a 20–100 mm/min traverse speed range, the best results for a sound weld 
without a groove on the weld’s crown side were obtained at 800 rpm rotational speed and 40, 60, and 80 mm/min traverse speed. 
Thus, samples coated with the aforementioned parameters were the subject of further investigations. A K-type thermocouple was 
inserted into the joint line to monitor the temperature during the welding process, and a thermocouple was utilized to calculate the SZ 
temperature. The welded samples were labeled as follows: V-40 for 40 mm/min, V-60 for 60 mm/min, and V-80 for 80 mm/min 
traverse speeds. 

Fig. 2 illustrates that various samples were taken from the welded sample upon welding to determine the joint’s mechanical 
properties and microstructure. As shown, the test samples for corrosion, mechanical properties, and microstructure were taken from 
the same location in various welded samples to maintain reproducibility. The welded samples’ cross-section was polished with an 
alumina polishing suspension after being ground with SiC sandpaper to examine the microstructure. The microstructure was exposed 
through the use of the modified Keller’s [reagent] etchant solution, which consisted of 150 ml H2O, 6 ml HF, 6 ml HCl, and 3 ml HNO3. 
A TESCAN MIRA3 field emission scanning electron microscope (FESEM) and an NGF-120A optical microscope were used to analyze the 
microstructure of various samples. As per ASTM E112-13, the linear intercept (LI) method was used to determine the grain sizes. Ten 
microstructural images and Clemex [automated] image analysis software were employed to calculate the precipitate and grain size. 
The samples’ micro-Vickers hardness was calculated by utilizing a microhardness tester along the joint midsection perpendicular to the 
welding direction with a 10-s dwell time and a 100-g load. A universal testing machine (STM-250, SANTAM) was employed to assess 
the samples’ tensile properties at a 1 mm/min cross-head speed as per ASTM E8 guidelines. Tensile test sample elongation was 
measured using an Instron extensometer. Both transverse and longitudinal tensile specimens were extracted from the welded samples 
with a 32 mm gauge length, of which 3 were prepared from each welded sample to ensure that the tensile test results were repro-
ducible. A SEM was used to examine the fracture surface following the tensile test. 

Polarization [index] (PI) testing was performed at 37 ◦C to examine the corrosion resistance of various samples in the NaCl solution. 
To prepare a NaCl solution (3.5 wt%), NaCl (35 g) was dissolved in double-distilled water (ddH2O) to which NaOH (0.4 g) was added to 
keep the pH of the electrolyte at 10. The electrochemical tests, such as potentiodynamic polarization (PDP) and electrochemical 

Fig. 2. The schematic view of the metallography, corrosion test, and tensile test sample extracting position.  
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impedance spectroscopy (EIS), were conducted using the Autolab electrochemical workstation model PGSTA 204. To achieve a steady 
state (with variations of lower than 5 mV every 5 min), samples were submerged in the NaCl solution for 1 h prior to each experiment. 
PDP was measured in the OCP potential range of 0.2V to − 0.2V. To guarantee the reproducibility of the corrosion test results, 3 
corrosion samples were made from each of the welded samples. After the corrosion test, a SEM was used to examine the corroded 
surface. 

3. Results and discussion 

The joint cross-section in all samples, each with a sound SZ, is displayed in Fig. 3(a–c). The amount of mixing between two base 
metals is reduced as the traverse speed of the tool increases. The sample welded with the lowest traverse speed clearly displays both 
materials’ laminar flow in the SZ. Effective laminar flow formation can be achieved by mixing the two materials and allowing elements 
to diffuse at the layer interface. The difference between the velocity vectors on the retreating and ASs increases with an increase in the 
traverse speed. Non-uniform flow forms in the SZ under these conditions, while a layer interface does not form in the SZ due to a 
uniform flow. The thermo-mechanically affected zone (TMAZ), SZ, and base metals’ microstructural images are displayed in Fig. 4 
(a–e) to help with the analysis of the joint area’s microstructural developments. All three welded samples have uniformly distributed 
SiC and Si particles in the SZ, which are smaller in size compared to the composite base metal. Large aspect ratio Si particles are indeed 
broken and transformed into refined equiaxed particles under tool-pin-induced applied plastic strain. The SiC particles’ aspect ratio 
does not differ in the SZ despite their decreasing size. The composite base metal’s SiC particles have an average size of 15.3 ± 2.1 μm, 
which are reduced to 6.5 ± 1.1, 5.4 ± 1.2, and 4.3 ± 0.9 μm, respectively, in the V-40, V-60, and V-80 samples. In the process, large 
aspect ratio eutectic Si is broken in Si particles, resulting in a reduction in its aspect ratio. Even though the primary Si particles have a 
polygonal morphology and a relatively constant aspect ratio, these particles only fracture and fragment into smaller particles. 

Refined equiaxed grains formed in the AA2024 side’s SZ. SiC and Si particles become gradually visible when the AA2024 alloy’s SZ 

Fig. 3. Macrograph of cross section of different samples; a) V-40, b) V-60, c) V-80.  
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transitions to the composite workpieces. The abruptness of these changes is ascribed to the absence of an interfacial layer structure, 
which causes increased traverse speed. Particles in the TMAZ are oriented and have elongated grains. Elongated grains are clearly 
visible on the AS, which agrees with findings obtained in other works [13,14]. 

Based on [15–17], the SZ experiences dynamic recrystallization during the process, which causes refined equiaxed grains to form 
there. The average grain size in AS (1.2 ± 0.2, 3.1 ± 0.1, and 4.2 ± 0.3 μm for V-40, V-60, and V-80 samples, respectively) is smaller 
than that in RS (1.5 ± 0.4, 3.4 ± 0.2, and 5.1 ± 0.2 μm for V-40, V-60, and V-80 samples, respectively). Also, based on [18–20], the AS 
experiences higher plastic strain and temperature than the RS during the welding process, which leads to the formation of recrys-
tallized grains. The temperature drops and the plastic strain rises with decreasing recrystallized grain size. The effective formation of 
nucleation sites for recrystallized grains and inhibition of grain growth is facilitated by second-phase particles (SPPs), besides plastic 
strain and temperature. Finer grain formation may be mediated by high plastic strain and Si particles on the AS. 

Conversely, when temperature rises but traverse speed falls, plastic strain increases and grain size diminishes because of the smaller 
particles in the SZ. Based on [21], the V-40, V-60, and V-80 sample SZ’s plastic strain values are 25.6, 20.3, and 16.7 s− 1, respectively. 
Plastic strain and particle-stimulated nucleation help form refined grains in the SZ. 

Precipitation-hardening alloys include two alloys, A390 and AA2024, whose respective strengths are effectively increased by 
S–Al2CuMg and Ѳ-Al2Cu precipitates. The evolution of aforementioned precipitates during welding can be studied based on the SZ’s 
SEM images on both the AS and RS of various samples as well as those of the base metals, as depicted in Fig. 5(a–c) and 6 (a-c). The EDS 
analysis indicates that the composite base metal’s microstructure constitutes SiC particles, Fe- and Cu-rich (Al2Cu) precipitates and 
particles, and primary and eutectic Si particles. Besides, the AA2024 Al alloy’s microstructure comprises Fe- and Cu-rich (Al2CuMg) 
precipitates. The above images demonstrate that the types of precipitates and SPPs in the SZ remain unchanged from those of the base 
metals following welding. The SZ shows a substantial difference in S–Al2CuMg and Ѳ-Al2Cu precipitate formation, which are smaller in 
size than the base metal. S–Al2CuMg and Ѳ-Al2Cu precipitates dissolve at 350 and 300 ◦C, respectively [22,23]. Based on the SZ 
temperature of both samples, it can be inferred that S and Ѳ precipitates in the SZ dissolve under plastic strain and heat and then 
re-precipitate during cooling. Reduced traverse speed and joint cooling rate and elevated SZ temperature appear to cause the formed 
precipitates in the SZ to enlarge and grow more than those formed in the SZ of the welded sample at the highest traverse speed (i.e., 80 

Fig. 4. Microstructure of different zones marked in Fig. 3; a) sample V-40, b) sample V-60, c) sample V-80, d) AA2024 base metal, e) A390-SiC 
composite base metal (Zone I = TMAZ of AA2024 side, Zone II = stir zone of AA2024 side, Zone III = stir zone of composite side, Zone IV =
TMAZ of composite side). 
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mm/min). Fig. 7 depicts the distribution coefficient graph along with the mean size of Si particles and S and Ѳ precipitates in the SZ of 
various samples. While S and Ѳ precipitates and Si particles are uniformly distributed in the SZ of all the samples, the mean size of Si 
particles is reduced (from 7.4 ± 0.9 to 5.9 ± 0.6 μm) with an increase in the shear stress and traverse speed (from 40 to 80 mm/min) in 
the SZ. 

Fig. 5. Microstructure of; a) A390-10 wt%SiC composite base metal, b) AA2024 aluminum alloy base metal, c) EDS results of different points 
marked in Fig. 5 (a) and (b). 
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Fig. 8 displays the hardness profiles of various samples, where hardness changes take the shape of the letter M. Thus, the hardness of 
AA2024 decreases as it moves from the base metal side to the SZ and then increases in the SZ once more after passing through the 
TMAZ. Hardness declines once more when approaching the composite base metal’s TMAZ, varying around the mean value 103 HV0.1. 
AA2024 is a precipitation-hardening alloy. Besides, applying heat may cause precipitate growth or dissolution, resulting in reduced 
hardness of this alloy’s TMAZ. However, in contrast to what has been documented in earlier research, the presence of Si particles in the 
SZ on the AA2024 side can prevent its hardness from decreasing, leading to increased base metal hardness [24]. In comparison to the 
composite base metal, there is a notable increase in hardness in the composite side SZ because of the formation of smaller precipitates 
rich in copper and finer Si particles. 

The results of the tensile test (Fig. 9(a–c)) indicate that while transverse tensile samples’ elongation and strength values do not 
significantly differ, the transverse tensile test’s strength values decrease as traverse speed decreases while elongation increases. The 
transverse tensile sample fracture happened in the TMAZ on the composite base metal side (Fig. 9 (c)). A considerable stress gradient 
occurs in the transition zone from the TMAZ because of the high hardness difference between the composite base metal and the SZ, 
along with other properties. This leads to fractures in the TMAZ. The longitudinal tensile test results show that the samples’ tensile 
strength increases and their elongation percentage (EP) decreases when the traverse speed is increased from 40 to 80 mm/min. The 
likelihood of the formation of finer precipitates increases with increased traverse speed and decreased heat application to the welding 

Fig. 5. (continued). 
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Fig. 6. SEM image of; a) sample V-40, b) sample V-60, c) sample V-80.  

Fig. 7. The distribution coefficient and size of different particles and precipitates in different samples.  
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zone. This leads to increased strength, decreased EP, and increased area under the stress-strain (S–S) curve, which represents the SZ 
toughness. Enhancing the traverse speed from 40 to 80 mm/min yield strength values will result in a 10.3 and 8.4% increase in UTS 
and a 5.8% decrease in EP. Decreased grain boundary (GB) and increased grain size result in a reduction in the effectiveness of GB 
strengthening, also known as Hall-Petch strengthening [25]. It follows that a higher level of strength and hardness should be expected 
in the smaller-grained sample. 

Besides, precipitate sizes, SPPs, and smaller carbide and Si particles form in the SZ with increasing traverse speed. The contribution 
of SPP strengthening rises as precipitates and particles get smaller. The sample welded at an 80 mm/min traverse speed is expected to 
exhibit a greater effectiveness degree of SPP strengthening mechanism. Reducing particle size and increasing cooling rate increases the 
effectiveness of the CTE difference strengthening mechanism based on [26], where this mechanism has been discussed. Smaller carbide 
and Si particles form in the SZ by increasing the traverse speed, according to the microstructural images. Additionally, the cooling rate 
rises due to the joint area receiving less heat input due to increased traverse speed, leading to an improvement in the contribution of 
the CTE difference strengthening. Based on the microstructural images, a sound, seamless interface forms in the SZ of all the welded 
samples between Si carbide and Si particles with an Al matrix. Under these circumstances, the welded samples’ SZ load transfer 
strengthening mechanisms should not significantly differ in terms of effectiveness. Fig. 10(a–e) and 11 (a-c) display the longitudinal 
and transverse tensile test samples’ fracture surfaces. The fracture surface in transverse tensile samples exhibits a brittle fracture 
morphology, signifying that the fracture occurred in the vicinity of the base metal and was not impacted by plastic strain. Large aspect 
ratio (~5) eutectic Si particles (shown by blue arrows) are one of the primary factors contributing to failure in this zone, as indicated by 
indented surfaces on the fracture surface. In the tensile test, this causes stress concentration, which in turn causes crack growth and 
nucleation, and consequently, low strength and elongation for the transverse tensile test samples. Conversely, the longitudinal tensile 
test samples have ductile fractures with a dimpled fracture surface. This is because equiaxed particles and refined equiaxed grains form 
(shown by red arrows), leading to high elongation and ductile fracture surface in the S–S curves. 

The results of the polarization test for welded samples and base metals are displayed in Fig. 12. It is evident that both samples’ 
welding zones exhibited lower corrosion current and a shift in corrosion voltage toward nobler values in comparison to the composite 
base metal. In the meantime, the voltage and corrosion current of the welded samples increased in comparison to the AA2024 base 
metal. Additionally, the corrosion current rises from 0.0202 to 0.0304 mA cm− 2 when the traverse speed is reduced from 80 to 40 mm/ 
min. The relations described in Refs. [27,28] are used to calculate the corrosion rates of various samples listed in Fig. 13. Welding 
corrosion resistance is shown to rise for the composite and fall for the AA2024 base metals. It has been observed that after friction stir 
processing (FSP), the corrosion resistance is reduced for the AA2024 Al alloy and improved for the Al–Si cast alloys [29,30]. This may 
be explained by the precipitate concentration in the GBs of the AA2024 Al alloy, the development of coarse precipitates, and the 
elimination of casting defects in cast alloys. Fig. 14(a–b) displays the EIS results for the various samples. As shown, the Nyquist plots of 
various samples exhibit both an inductive and a capacitive ring. Reduced electron exchange at the surface and improved corrosion 
resistance are the results of increased surface passive layer density, material flow in the SZ, and SPD-based defect removal, as 
demonstrated by the welded samples’ larger capacitor ring diameter in comparison with the composite base metal sample [31]. The 
reduced corrosion resistance of the welded samples’ SZ in comparison to the AA2024 base metal and reduced capacitor ring diameter 
result from the formation of Cu-rich GB precipitates and emptying of GB areas [32]. The capacitor ring diameter decreases in com-
parison to the welded sample at an 80 mm/min traverse speed due to increased Cu-free GB area brought on by increasing heat input 
during the welding process. 

Examining the Bode plot shown in Fig. 14 (b) shows unique weld area impedance properties. It should be noted that the weld area 
shows a higher impedance value than the composite base metal and a lower impedance value than the AA2024 base metal at lower 
frequencies. Low-frequency impedance values significantly increase with increasing traverse speed, which suggests improved 

Fig. 8. The microhardness profile in midsection of different samples.  
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Fig. 9. a) stress-strain curve of different samples, b) tensile test results, c) fracture zone of the transverse tensile samples.  
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corrosion resistance. Table 1 provides a summary of the comprehensive findings from the equivalent circuit. As indicated, as the 
traverse speed increases, Rt values rise as well, which correlate with one another in comparison with the corrosion resistance deter-
mined by the polarization test. Fig. 15(a–e) illustrates the images of the corrosion surfaces of various samples. Even though the 
composite base metal experiences severe galvanic corrosion, the corrosion intensity is reduced as traverse speed increases, finer 
precipitates form, and SPPs are distributed uniformly. The crucial difference is that the welded samples and composite base metal 
exhibit lower corrosion resistance than the AA2024 base metal. 

4. Conclusion 

The study examined the effects of varying the traverse speed of the FSW tool on the microstructure, corrosion resistance, and 
mechanical properties of dissimilar A390-10 wt% SiC composite-AA2024 Al alloy joints. The following conclusions were drawn from 
this research.  

- With a minimum traverse speed of 40 mm/min, the welded sample displays the laminar flow of the two materials in the SZ.  
- During the process, large aspect ratio eutectic Si particles were broken under the applied strain, resulting in their reduced aspect 

ratio. Despite their polygonal morphology and relatively constant aspect ratio, primary Si particles only fracture and fragment into 
smaller particles.  

- The AS has smaller grain sizes than the RS in each of the three samples. The grain size was reduced by up to 71% due to increased 
plastic strain and reduced particle size in the SZ, which occurred when the traverse speed decreased from 80 to 40 mm/min and the 
temperature increased.  

- Reduced traverse speed, elevated SZ temperature, and slowed joint cooling rate caused SZ precipitates to grow and exhibit greater 
size than those in the SZ of the sample welded at the highest traverse speed (80 mm/min). 

Fig. 10. SEM image of fracture surface of longitudinal tensile sample of; a) sample V-40, b) sample V-60, c) sample V-80, d) A390-SiC composite 
base metal, e) AA2024 aluminum alloy base metal. 
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Fig. 11. SEM image of fracture surface of transversal tensile sample of; a) sample V-40, b) sample V-60, c) sample V-80.  

Fig. 12. Polarization curves of different samples.  

Fig. 13. The corrosion voltage, current and corrosion rate of different samples.  
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- The mean size of Si particles dropped from 7.4 to 5.9 μm as shear stress on the material and traverse speed increased (from 40 to 80 
mm/min) in the SZ.  

- When the traverse speed was increased from 40 to 80 mm/min for the yield strength, the EP dropped by 5.8% and the UTS 
increased by 10.3% and 8.4%, respectively.  

- The voltage and corrosion current of the welded samples were higher than those of the AA2024 base metal. The corrosion current 
also increased from 0.0202 to 0.0304 mA cm− 2 when the traverse speed was reduced from 80 to 40 mm/min. 
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Fig. 14. a) Nyquist diagram, b) Bode and phase plots of different samples.  

Table 1 
The measurements made after fitting the experimental EIS data.  

Sample no. Rs (Ω.cm2) Cdl (F.cm¡2) n Rct (Ω.cm2) L (Henri.cm¡2) Rl (Ω.cm2) Rt (Ω.cm2) 

Composite base metal 74.21 5.98 × 10− 6 0.55 5.46 × 104 2.98 × 106 502.12 5.96 × 104 

AA2024 base metal 89.12 3.29 × 10− 6 0.89 15.32 × 104 1.05 × 106 351.23 15.67 × 104 

V-40 80.21 4.21 × 10− 6 0.80 9.15 × 104 2.23 × 106 465.32 10.01 × 104 

V-60 81.56 4.01 × 10− 6 0.83 11.14 × 104 2.11 × 106 454.21 11.03 × 104 

V-80 82.78 3.43 × 10− 6 0.85 12.51 × 104 1.56 × 106 433.11 11.89 × 104  
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