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This study investigates the microstructure and mechanical properties of friction stir welded (FSW) joints produced from 
AA6082 alloy fabricated by rapid solidification and hot extrusion. The base material exhibited a homogeneous microstructure 
with a fine average grain size of ~1.3 µm, significantly lower than the 5.5 µm measured for the conventionally processed reference 
material. The most favorable joint properties were obtained at a tool rotational speed of 1000 rpm. Under these conditions, the 
welded joint showed strength comparable to the base material, reaching 206 MPa UTS and 151 MPa YS, although with reduced 
ductility. EBSD analysis revealed only minor microstructural changes after welding, with the grain size in the stir zone remaining 
nearly unchanged at approximately 1.5 µm. These results demonstrate that the fine-grained microstructure of the rapidly solidified 
AA6082 alloy is largely preserved during FSW and highlight its potential for solid-state joining applications.
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1. Introduction

Friction stir welding (FSW) is an advanced solid-state 
joining technique widely used for welding aluminum alloys, 
particularly in applications requiring high mechanical perfor-
mance and good joint quality. Compared to conventional fusion 
welding methods, FSW enables the production of joints with a 
reduced number of defects, low residual stresses, and favorable 
mechanical properties [1-5] . During the FSW process, char-
acteristic microstructural zones are formed, including the stir 
zone (SZ), thermo-mechanically affected zone (TMAZ), and 
heat-affected zone (HAZ). The microstructure of these regions 
results from the complex interaction between plastic deformation 
and thermal cycles, which directly influences the mechanical 
properties of the joint [6-8]. In conventional aluminum alloys, 
significant grain refinement is typically observed in the stir 
zone (SZ) as a result of dynamic recrystallization (DRX). The 
pronounced refinement and equiaxed grain morphology in this 
region indicate that DRX occurs under the combined influence 
of severe plastic deformation and elevated temperature, which 
may reach up to approximately 0.8 TM of the melting tempe- 
rature [9-11]. 

In recent years, increasing attention has been devoted 
to materials produced by rapid solidification (RS), which are 
characterized by a fine-grained microstructure, a high fraction 
of high-angle grain boundaries, and a homogeneous distribution 
of secondary phases [12-14]. Rapid solidification is an advanced 
processing method characterized by extremely high cooling 
rates, typically in the range of 104-106°C/s, which significantly 
affect solidification kinetics and phase transformation behavior. 
As a result, this process increases nucleation rates and suppresses 
the formation of coarse intermetallic phases, while promoting the 
formation of metastable phases or supersaturated solid solutions 
[15,16]. These effects arise from the strong influence of RS on 
nucleation and growth kinetics of microstructural constituents, 
allowing the formation of desirable morphologies of both primary 
and intermediate phases. Additionally, rapid solidification reduc-
es chemical segregation and promotes the formation of fine and 
uniformly distributed precipitates [17-18]. Materials produced by 
RS are typically obtained in the form of powders or thin ribbons, 
which require subsequent consolidation. For this purpose, ther-
momechanical processing methods such as hot extrusion (HE) 
are commonly applied, leading to full densification and further 
microstructural refinement through dynamic recrystallization. 
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The combination of rapid solidification and extrusion enables 
the production of a homogeneous, fine-grained structure with 
a stable and uniform distribution of secondary phases [19]. 
Previous studies on FSW of ultrafine-grained (UFG) materials 
have mainly focused on aluminum processed by severe plastic 
deformation (SPD) techniques, such as Accumulative Roll Bond-
ing (ARB) [21-22], Equal Channel Angular Pressing (ECAP) 
[20-23] and Constrained Groove Pressing (CGP) [24-25].  
Although these materials can be successfully joined by FSW, 
their microstructural evolution and stability differ significantly 
from those of materials produced by rapid solidification. 

Although friction stir welding of aluminum alloys has been 
widely investigated, the response of rapidly solidified materials 
to this process is still not well understood, particularly regarding 
microstructural changes and their effect on joint performance. 
It remains uncertain whether the stir zone of alloys with an 
already refined structure undergoes additional grain refinement 
or whether recovery and structural rearrangement mechanisms 
become dominant. Moreover, studies addressing FSW of rapidly 
solidified aluminum alloys are scarce, indicating a clear research 
gap. This issue is especially important because ultrafine-grained 
(UFG) materials cannot be efficiently joined by conventional 

fusion welding, where the formation of a molten pool and 
heat-affected zone typically destroys the refined microstructure 
through extensive grain growth and may also promote defects 
such as porosity and solidification cracking. As a solid-state 
process, FSW offers a promising route for joining such materi-
als while retaining their fine-grained structure. In view of these 
considerations, the present study aimed to identify the optimal 
friction stir welding parameters for AA6082 alloy produced by 
rapid solidification and subsequent plastic consolidation. Joints 
free from visible defects were first selected on the basis of 
visual inspection and then evaluated by tensile testing. The weld 
exhibiting the most favorable mechanical performance was sub-
sequently subjected to detailed microstructural characterization 
using optical microscopy (OM), scanning electron microscopy 
(SEM), and electron backscatter diffraction (EBSD).

2. Experimental procedure

Fig. 1 presents a schematic illustration of the material 
processing route and specimen preparation for the conducted 
investigations. 

Fig. 1. Schematic illustration of the material processing route and specimen preparation: (A) rapid solidification and extrusion process, (B) fric-
tion stir welding (FSW), (C) welding tool, (D) specimen extraction for uniaxial tensile testing
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The process included rapid solidification, material con-
solidation by hot extrusion, friction stir welding (FSW), and 
preparation of specimens for further analyses. The material used 
in this study was a commercial EN AW-6082 aluminum alloy, 
the chemical composition of which is given in TABLE 1. 

TABLE 1

The chemical composition of the AA6082 alloy used  
in this study (wt.%)

Al Si Mg Mn Fe Cu Zn Other
97.26 1.1 0.71 0.54 0.23 0.0156 0,01 ≤0,13

The rapid solidification process was carried out using the 
melt-spinning technique (Fig. 1A). Prior to processing, the charge 
was placed in a graphite crucible coated with boron nitride 
and inductively heated under an argon protective atmosphere. 
After complete melting, the liquid metal was ejected through a 
nozzle with a diameter of 0.5 mm onto the surface of a rotat-
ing copper wheel, resulting in the formation of thin metallic 
ribbons. Before extrusion, the ribbons were subjected to pre-
compaction in a cylindrical die, producing billets used as input 
material for further processing. Hot extrusion was performed 
at a temperature of 350°C and an extrusion speed of 1 mm/s 
using a die with a cross-section of 3×15 mm, yielding flat bars 
(Fig. 1A). To evaluate the effectiveness of the RS+PC processing 
route, a solid reference material (IM) was also extruded under 
identical conditions. Friction stir welding was carried out using 
a tool equipped with a spiral-grooved shoulder and a threaded 
cylindrical pin (Fig. 1B-C). The pin length was 2.8 mm. The 
process was conducted at a tool rotational speed ranging from 
600 to 1400 rpm and a welding speed of 150 mm/min. Based on 
visual inspection, three defect-free welded joints were selected 
for further mechanical testing. Following tensile evaluation, 
the joint exhibiting the best mechanical performance was cho-
sen for detailed microstructural characterization and hardness 
measurements. 

Mechanical properties were evaluated by tensile testing at 
room temperature. The tests were performed using a Zwick/Roell 
Z050 universal testing machine at a strain rate of 10–3 s–1. Three 
specimens were tested for each condition. As the obtained results 
showed negligible scatter and good repeatability, only average 
values are presented in the figures and tables for clarity. Tensile 
specimens were prepared by electrical discharge machining 
(EDM) using a BP-05 system, with the loading axis perpendicu-
lar to the welding direction so that the entire weld was included 
within the gauge length. The specimens had a width of 4 mm, 
a thickness of 2.5 mm, and a gauge length of 20 mm. For each 
material variant, three specimens were tested. 

Microstructural investigations were carried out using a Hi-
tachi SU-70 scanning electron microscope (SEM) equipped with 
Energy Dispersive Spectroscopy (EDS) and Electron Backscat-
ter Diffraction (EBSD) detectors. Sample preparation for SEM 
observations included grinding with SiC papers of increasing grit 
size up to 1200, followed by mechanical polishing using diamond 

suspensions with particle sizes of 9, 3, and 1 μm. Final polishing 
was performed using a colloidal silica suspension with a particle 
size of 0.05 μm. Specimens intended for EBSD analysis were 
additionally subjected to final electropolishing using Struers A2 
electrolyte to obtain a deformation-free surface suitable for high-
quality diffraction pattern acquisition. The EBSD maps were 
acquired using an Oxford Instruments C-Swift+ camera, and 
the recorded data were analysed using AZtecCrystal software. 
In addition, the fracture surfaces of the tensile-tested specimens 
were examined. Hardness measurements were performed using 
the Vickers method with a load of 2 kg. Indentations were placed 
along a measurement line across the entire weld cross-section 
to include all characteristic regions, namely the base material 
(BM), heat-affected zone (HAZ), thermo-mechanically affected 
zone (TMAZ), and weld nugget (stir zone, SZ).

3. Results

Fig. 2 presents the microstructure of the AA6082 alloy 
produced by rapid solidification and hot extrusion. 

The SEM/BSE image (Fig. 2a) reveals a homogeneous 
and fully dense aluminum matrix, with no visible porosity or 
processing-related defects, containing fine and uniformly dis-
tributed secondary-phase particles. Two types of particles can 
be distinguished: Fe-, Si-, and Mn-rich intermetallic phases, 
as well as Mg-Si-rich particles, likely Mg₂Si. The Fe-Si-Mn 
intermetallics formed during rapid solidification are particularly 
small, with diameters not exceeding 0.3 μm. This observation 
is supported by the elemental distribution map (Fig. 2b), which 
shows a uniform distribution of the principal alloying elements 
(Mg, Si, Mn, and Fe), with no visible evidence of chemical 
segregation. The IPF-EBSD map (Fig. 2c) reveals a fine-grained 
microstructure composed predominantly of equiaxed grains, with 
slight local grain elongation indicating a limited inheritance of 
deformation effects from the extrusion process. The grain size 
distribution (Fig. 2d) confirms the refined structure, with an 
average grain size of approximately 1.3 μm. The pole figures 
(Fig. 2e) reveal a moderate extrusion-induced fiber texture with 
broadened intensity maxima, characteristic of retained deforma-
tion texture components combined with partial recovery and 
incomplete recrystallization during thermomechanical proces
sing. The misorientation angle distribution (Fig. 2f) indicates 
the presence of both low-angle and high-angle grain boundaries. 
The fraction of low-angle grain boundaries (LAGBs), approxi-
mately 12.5%, suggests retention of a minor subgrain structure 
and residual deformation features within an otherwise largely 
recrystallized microstructure.

As a reference material, Fig. 3 presents the microstructure 
of the AA6082 alloy (IM) after hot extrusion.

The SEM/BSE image (Fig. 3a) reveals a dense aluminum 
matrix containing secondary-phase particles with a markedly 
coarser morphology than those observed in the rapidly solidified 
material. Large, irregularly shaped intermetallic particles are 
clearly visible and are heterogeneously distributed throughout 
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Fig. 3. Microstructure of the conventionally cast and hot extruded 6082 alloy: (a) SEM/BSE image, (b) EDS elemental mapping, (c) IPF-EBSD 
orientation map, (d) grain size distribution, (e) (100), (110) and (111) pole figures and (f) misorientation angle distribution

Fig. 2. Microstructure of the rapidly solidified and hot extruded 6082 alloy: (a) SEM/BSE image, (b) EDS elemental mapping, (c) IPF-EBSD 
orientation map, (d) grain size distribution, (e) (100), (110) and (111) pole figures and (f) misorientation angle distribution
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the matrix. Based on the elemental distribution maps (Fig. 3b), 
these particles are enriched in Fe, Mn, and Si, indicating the 
presence of Fe-Mn-Si-rich intermetallic phases formed during 
conventional solidification. Mg- and Si-containing precipitates 
are also detected in the matrix. The IPF-EBSD map (Fig. 3c) 
shows a fine-grained microstructure composed predominantly 
of equiaxed grains with slight elongation along the extrusion 
direction, reflecting the effect of thermomechanical processing. 
The grain size distribution (Fig. 3d) indicates an average grain 
size of approximately 5.5 μm, which is significantly larger than 
that of the rapidly solidified counterpart. Most grains fall within 
the range of 4-7 μm, with a limited fraction of coarser grains. 
The pole figures (Fig. 3e) exhibit a moderate extrusion-induced 
fiber texture, characteristic of hot-worked FCC aluminum alloys 
and indicative of concurrent recovery with partial recrystalliza-
tion. This texture is broadly similar to that observed in the 6082 
RS alloy, indicating that both processing conditions promoted 
comparable preferred orientation development during extrusion. 
The misorientation angle distribution (Fig. 3f) confirms the 
coexistence of low-angle and high-angle grain boundaries, with 
a low-angle grain boundary (LAGB) fraction of approximately 
22.5%. This higher LAGB content, compared with the rapidly 
solidified material, suggests a greater contribution of deforma-
tion substructure and incomplete recrystallization after extru-
sion. Fig. 4 presents the results of uniaxial tensile tests together 
with the corresponding fracture surfaces of the AA6082 IM and 
AA6082 RS materials.

The engineering stress-strain curves (Fig. 4a) show a clear 
strengthening effect associated with the rapidly solidified ma-
terial. AA6082 RS exhibits substantially higher yield strength 
and ultimate tensile strength than the conventionally processed 
AA6082 IM alloy, while maintaining moderate ductility. The RS 
material reaches an ultimate tensile strength of approximately 
200 MPa with elongation to failure of about 22%, whereas the 
IM material attains a lower maximum stress of approximately 
155 MPa but shows higher elongation of about 27%. These 
results indicate that rapid solidification combined with plastic 
consolidation significantly improves strength at the expense of 
some ductility. Low-magnification SEM images of the frac-
ture surfaces (Fig. 4b, d) reveal typical ductile fracture with 

pronounced necking in both materials. The IM alloy (Fig. 4b) 
shows a relatively uniform reduction in cross-section, while the 
RS material (Fig. 4d) exhibits a more localized fracture region 
with visible shear deformation features. Higher-magnification 
observations (Fig. 4c, e) confirm a ductile transgranular fracture 
mode characterized by numerous dimples formed by microvoid 
nucleation, growth, and coalescence. The IM material (Fig. 4c) 
contains larger and deeper dimples, consistent with its higher 
plastic elongation. In contrast, the RS material (Fig. 4e) displays 
a finer and more homogeneous dimple morphology, reflecting 
the refined microstructure and higher strength of the rapidly 
solidified alloy. Fig. 5 presents the surface appearance of FSW 
joints produced at different tool rotational speeds, with a constant 
welding speed of 150 mm/min. 

Visual observations indicate that the process parameters 
have a significant influence on the surface morphology and 
process stability. With increasing tool rotational speed, the rela-
tive heat input increases, which is commonly correlated with the 
ratio of rotational speed to welding speed (ω/v) [26]. The values 
expressed in rev/mm represent the number of tool rotations per 
millimeter of linear tool movement during the FSW process. 
At low rotational speeds (600 and 800 rpm) corresponding to low 
rev/mm values (4.0-5.3 rev/mm) and consequently reduced heat 
input, an irregular tool path and the presence of surface defects 
are observed. In particular, at 600 rpm, characteristic chip-like 
features resembling a milling effect are visible, indicating insuf-
ficient material plasticization and limited material flow in the 
stir zone. As the rotational speed increases, the surface becomes 
more uniform, which is associated with higher heat input and 
more effective material mixing. The most uniform and stable 
surface was obtained at rotational speeds of 1000, 1100, and 
1200 rpm (6.7-8.0 rev/mm). In these cases, a regular pattern 
of tool marks is observed, indicating stable process conditions 
and adequate material plasticization. At the highest rotational 
speed (1400 rpm), corresponding to 9.3 rev/mm and high heat 
input, a deterioration in surface quality is observed in the form 
of smeared, globular material and surface irregularities. This 
behavior indicates excessive heating and local overheating of 
the material, leading to unstable material flow. Based on the 
visual analysis, joints produced at rotational speeds of 1000, 

Fig. 4. Engineering stress-strain curves of AA6082 IM and AA6082 RS materials (a). SEM images of fracture surfaces after tensile testing for 
AA6082 IM (b, c) and AA6082 RS (d, e) at low and high magnifications
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1100, and 1200 rpm were selected for further investigation due 
to their superior surface quality. Fig. 6 and TABLE 2 present 
the engineering stress-strain curves and mechanical properties 
of the AA6082 RS base material and FSW joints produced at 
different tool rotational speeds. 

Fig. 6. Engineering stress-strain curves of AA6082 RS alloy and 
AA6082 RS FSW joints produced at 1000 rpm, 1100 rpm and 1200 rpm

TABLE 

Mechanical properties of AA6082 RS alloy  
and AA6082 RS FSW joints

YS (MPa) UTS (MPa) El. (%)
6082 RS 150 200 22

FSW 1000 151 206 14
FSW 1100 145 201 12.7
FSW 1200 138 198 11

The FSW joints retain mechanical properties at a level 
comparable to the RS base material. The joint produced at 
1000 rpm exhibits the highest strength, with an ultimate tensile 

strength of 206 MPa and a yield strength of 151 MPa, which are 
essentially equivalent to the corresponding values of the base 
material (UTS = 200 MPa, YS = 150 MPa) within experimen-
tal scatter. At the same time, the elongation decreases to 14%, 
compared with 22% for the base material. Such a reduction in 
ductility is typical for welded joints and is commonly associated 
with the presence of softened regions, particularly within the 
heat-affected zone [27]. With increasing rotational speed to 1100 
and 1200 rpm, a gradual decrease in both strength and ductility 
is observed, which may be related to excessive heat input and 
microstructural degradation. Nevertheless, all analyzed FSW 
joints retain high mechanical properties, close to those of the 
base material. Based on the obtained results, the joint produced 
at 1000 rpm exhibits the most favorable combination of strength 
and ductility and was therefore selected for further microstruc-
tural investigations. Fig. 7 presents the fracture surfaces of FSW 
joints produced at tool rotational speeds of 1000 rpm (Fig. 7a, b), 
1100 rpm (Fig. 7c, d), and 1200 rpm (Fig. 7e, f). 

In all cases, a generally similar fracture mode is observed; 
however, clear differences in fracture morphology can be dis-
tinguished depending on the welding parameters. Regions with 
ductile fracture features, including dimples and tear ridges as-
sociated with microvoid nucleation, growth, and coalescence, 
are present in all specimens. The FSW 1000 joint exhibits 
the most homogeneous fracture surface with well-developed 
dimples, consistent with its highest ductility. In contrast, the 
FSW 1200 joint shows pronounced delamination and crack 
propagation parallel to the material flow direction, indicating 
weakened cohesion between structural bands and explaining its 
lower elongation. The FSW 1100 joint displays an intermediate 
fracture character between these two conditions. Fig. 8 presents 
the macrostructure and EBSD characterization of the FSW joint 
produced at 1000 rpm. 

The macrograph (Fig. 8a) clearly shows the characteristic 
weld regions: base material (BM), heat-affected zone (HAZ), 
thermo-mechanically affected zone (TMAZ), stir zone (SZ) and 
weld nugget (WN). The SZ is located in the center of the weld and 

Fig. 5. Surface morphology of FSW joints produced at different tool rotational speeds: (a) 600, (b) 800, (c) 1000, (d) 1100, (e) 1200, (f) 1400 rpm; 
welding speed was 150 mm/min
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Fig. 8. Microstructure of the 6082 RS FSW joint: (a) weld cross-section with identified zones; (b) stir zone (SZ); (c) thermo-mechanically af-
fected zone (TMAZ); (d) heat-affected zone (HAZ), along with the corresponding EBSD maps, grain size histograms, misorientation angle 
distributions, and pole figures

Fig. 7. Fracture surfaces of AA6082 RS FSW joints produced at 1000 rpm (a, b), 1100 rpm (c, d), and 1200 rpm (e, f)
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is surrounded by the TMAZ and HAZ on both sides. Although 
the macrostructure appears nearly symmetrical, some degree of 
asymmetry between the advancing side (AS) and retreating side 
(RS) is expected due to differences in material flow and thermal 
conditions inherent to the FSW process. The EBSD analysis 
(Fig. 8b-d) shows that only minor microstructural changes oc-
cur across the weld, confirming the high thermal stability of 
the rapidly solidified base material. The SZ exhibits a fine and 
homogeneous recrystallized structure with an average grain size 
of approximately 1.5 μm, only slightly higher than that of the 
base material (1.3 μm), and a low fraction of low-angle grain 
boundaries (~11% compared with 12.5% in the BM), indicating 
dynamic recrystallization and grain boundary reorganization 
during welding. In the TMAZ, the grains remain fine (~1.5 μm) 
but become slightly elongated and less uniform, while the LAGB 
fraction increases to ~13.5%, reflecting partial retention of 
deformation substructure. The HAZ shows a similarly refined 
structure with a grain size of approximately 1.6 μm and the 
highest LAGB fraction (~14.8%), suggesting recovery-driven 
changes caused mainly by thermal exposure. Overall, the results 
indicate that the FSW process does not cause significant grain 
coarsening or further refinement relative to the base material, 
but primarily modifies grain morphology, and grain boundary 
character across the different weld zones. Fig. 9 presents the 
microhardness distribution across the cross-section of the FSW 
joint as a function of the distance from the weld centerline, with 
the SZ, TMAZ, and HAZ regions indicated. The base material 
exhibits a relatively constant hardness of approximately 65 HV, 
indicating a homogeneous microstructure.

Fig. 9. Hardness distribution of the FSW joint as a function of the 
distance from the weld centerline, compared with the base material

In the FSW joint, a clear hardness variation is observed 
across the weld cross-section. The highest hardness values 
are recorded in the TMAZ adjacent to the stir zone, reaching 
approximately 75-78 HV2. This increase is consistent with 
the EBSD results, which showed a fine-grained but less homo-

geneous structure with slightly elongated grains and a higher 
fraction of low-angle grain boundaries, indicating retained de-
formation substructure and a higher stored strain energy. In the 
SZ, the hardness exhibits intermediate values of approximately 
67-70 HV2, which corresponds to the homogeneous recrystal-
lized microstructure with the lowest fraction of low-angle grain 
boundaries. In the HAZ, the hardness gradually decreases, 
reflecting recovery-driven structural changes caused mainly by 
thermal exposure. At larger distances from the weld centerline, 
the hardness returns to the base material level of approximately 
63-66 HV2. Although the hardness profile appears relatively uni-
form across the weld, a slight asymmetry can be observed with 
respect to the weld centerline. This asymmetry is characteristic 
of the FSW process and may be related to differences in material 
flow and thermomechanical conditions between the advancing 
side and retreating side, which can affect the distribution of 
strengthening precipitates.

4. Discussion

Materials produced by rapid solidification followed by 
plastic consolidation may offer several advantages over ultrafine-
grained materials obtained by severe plastic deformation methods 
such as ARB or ECAP [28]-[30]. Although SPD techniques are 
highly effective for grain refinement, they are often limited in 
terms of component geometry, processing scale, and productivity. 
In contrast, rapidly solidified (RS) products can be consolidated 
into larger semi-products while retaining a fine and relatively 
homogeneous microstructure. A comparison with literature data 
indicates that ultrafine-grained aluminum alloys processed by 
SPD frequently undergo noticeable grain coarsening during 
friction stir welding. Despite initial grain sizes in the range of 
0.2-1 μm, the grain size in the stir zone commonly increases to 
approximately 1-5 μm [20-23,36-38]. In the present study, the 
AA6082 alloy produced by rapid solidification exhibits mark-
edly different behavior. The average grain size in the stir zone 
remains close to that of the base material, indicating that the 
fine-grained microstructure is largely preserved during friction 
stir welding. In conventional coarse-grained aluminum alloys, 
the opposite tendency is usually observed, where friction stir 
welding leads to significant grain refinement in the stir zone as 
a result of dynamic recrystallization [31,32]. For SPD-processed 
materials, however, the high dislocation density and stored defor-
mation energy [33,34] can promote grain boundary migration and 
grain growth during the thermal cycle of welding. The limited 
grain coarsening observed in the RS material suggests that other 
stabilization mechanisms are active. Most likely, the fine and 
uniformly distributed secondary-phase particles hinder grain 
boundary motion through a pinning effect, thereby preserving 
the refined structure. EBSD analysis supports this interpretation, 
showing recrystallization-related boundary reorganization in the 
stir zone without substantial grain growth. The hardness profile 
is consistent with these observations, with the highest values 
measured in the TMAZ, where incomplete recrystallization and 
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retained deformation substructure are expected. It is also worth 
noting that materials produced by consolidation of fragmented 
feedstock often present difficulties when joined by conventional 
fusion welding. Literature reports show that such joints may 
develop severe porosity, in some cases reaching ~60%, which 
strongly reduces mechanical performance [35]. As a solid-state 
process, friction stir welding avoids melting-related defects of 
this type and enables the preservation of favorable microstruc-
tural features. The welded joints obtained in this study exhibit 
strength comparable to the base material, accompanied by re-
duced elongation. This behavior is consistent with literature 
data and can be attributed to microstructural heterogeneity, local 
stress concentrations, and delamination-assisted crack initia-
tion [23]. Overall, the results demonstrate that rapidly solidified 
AA6082 possesses high microstructural stability during friction 
stir welding. Combined with the possibility of producing larger 
consolidated products, this may represent an attractive alternative 
to SPD-processed materials and to materials that are difficult to 
join by conventional fusion welding.

5. Conclusions

•	 The AA6082 alloy produced by rapid solidification fol-
lowed by plastic consolidation exhibits a fine-grained and 
homogeneous microstructure, with an average grain size of 
approximately 1.3 µm, which is significantly smaller than 
that of the conventionally processed IM material.

•	 The most favourable combination of weld quality and me-
chanical properties was obtained at a tool rotational speed 
of 1000 rpm, corresponding to an optimal heat input ratio 
of ω/v ≈ 6.7 rev/mm.

•	 The FSW enabled the production of joints with mechani-
cal properties comparable to those of the base material, 
although a reduction in ductility was observed after welding.

•	I n contrast to conventional coarse-grained alloys and many 
SPD-processed materials, no significant grain size changes 
were detected in the stir zone, where the average grain size 
remained close to that of the base material (from approxi-
mately 1.3 µm to 1.5 µm). This indicates that, although FSW 
induces substantial plastic deformation and microstructural 
evolution, the fine-grained character of the rapidly solidified 
AA6082 alloy is largely preserved after welding.
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