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Abstract: The influence of argon shielding configurations for the weld pool on microstructure 
formation and the retention of principal alloying elements during partial penetration of Al-Mg and    
Al-Zn-Mg-Cu alloys using fiber laser irradiation at a power of 900 W with a specific energy input       
of 100–130 J/mm was analyzed. The studies were conducted under the following conditions: (1) in an 
open chamber with local argon shielding; (2) in a sealed chamber filled with argon (pressure 1.05 MPa); 
(3) in the same chamber with additional argon flow onto the weld pool (flow rate 5–10 L/min); (4) in 
a sealed chamber with reduced argon pressure (170–190 Pa); and (5) in the same chamber with 
additional argon flow onto the weld pool (flow rate 5–10 L/min). For shielding schemes No. 1–No. 3, 
penetration depths of 0.20–0.23 mm were achieved. Application of schemes No. 4 and No. 5, as 
opposed to scheme No. 1, led to a reduction in oxide inclusions in the penetration cross-section         
from 3.0% to 1.5% or lower, which complied with ISO 13919-2:2001. However, this was accompanied 
by a decrease in the proportion of alloying elements, particularly Mg, Zn, and Cu, to 50%–70% or 
more, and a 10%–30% reduction in microhardness of the fusion zone relative to the base metal. The 
use of scheme No. 5 promoted a transition in penetration mode from heat conduction to deep 
penetration, accompanied by an increase in penetration depth up to five-fold and a reduction in alloying 
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element burn-off. Laser penetration of the studied alloys was carried out in heat conduction mode. The 
regime promoted vertical crystallite growth, whereas in the deep penetration mode, transcrystallite 
counter-growth of crystallites at an angle to the central penetration zone was observed. 

Keywords: laser welding; aluminum alloys; shielding gas configurations of the bath; structure; 
microhardness; content of alloying elements 
 

1. Introduction 

Aluminum alloys are the primary structural material traditionally used for the fabrication of rocket 
and aircraft components in aviation and aerospace structures [1–3]. To maintain the advantages of 
these alloys in the manufacture of welded aerospace products, it is essential to take into account such 
aspects of their weldability as the structural and chemical heterogeneity of the weld metal and           
heat-affected zone, crack resistance, and mechanical properties [4–7]. To comprehensively understand 
the characteristic features of structure formation, a series of studies was carried out using thermal 
impact analysis and mathematical modeling [8–11]. 

A notable feature of welding aluminum alloys is their high affinity for oxygen, which leads to the 
potential formation of an oxide film (Al2O3) in the welds [12–15], as well as their high thermal 
conductivity, which complicates the development of various fusion welding technologies for these 
alloys [16–19]. 

In the welding of thin-walled structures, it is possible to enhance mechanical properties through 
the deliberate modification of the structure, which can be achieved by employing welding with a 
concentrated heat source to localize the thermal effect on the base metal [20–23]. For the welding of 
critical thin-walled structures, electron beam and plasma welding are commonly used [24,25].  

The weldability challenges of aluminum alloys underscore the importance of investigating their 
behavior under concentrated heat sources [26,27]. For instance, alloys of the Al-Mg and Al-Zn-Mg-Cu 
systems exhibit low technological weldability due to their pronounced tendency toward crack 
formation, high coefficients of linear thermal expansion, and low evaporation temperatures of alloying 
elements, particularly Zn and Mg [28–31]. This contributes to the formation of welding defects such 
as cracks [32–35]. However, modern technologies enable the successful welding of alloys previously 
considered difficult to weld, for example, by laser fusion welding using a high-power density heat 
source [36–39]. 

Owing to its high energy concentration, laser welding is one method for reducing the influence 
of high thermal conductivity on the formation of significant residual stresses and deformations in 
welded structures [40–43]. It can ensure the formation of high-quality joints with minimal residual 
stresses and deformations [44,45]. However, laser welding of aluminum alloys presents certain 
technological challenges [46–49]. Thus, the presence of a dense oxide film on the edges of aluminum 
alloys to be welded requires thorough surface preparation (cleaning), and the high reflectivity and 
thermal conductivity of aluminum can diminish the efficiency of laser radiation absorption, resulting 
in reduced melting depth [50–52].  

Therefore, the use of laser welding of aluminum alloys opens new possibilities for producing 
high-quality and durable welded joints in aerospace products [53–55]. In such cases, challenges may 
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arise when welding with a non-penetrating seam; for example, when welding is the final operation and 
elimination of spatter from the root zone of the melt is required. Such challenges can be addressed 
either through laser welding in the heat conduction penetration mode or in the deep (keyhole) 
penetration mode, which exhibits high stability of penetration depth. In all cases, the formation of 
high-quality penetrations requires the establishment of a reliable gas shielding atmosphere for the weld 
pool. This study is dedicated to investigating these issues. 

Our objective of this study is to investigate the effect of various weld pool gas shielding 
configurations during laser melting of aluminum alloys in the Al-Mg and Al-Zn-Mg-Cu systems on 
microstructure formation and variation of the major alloying element contents in the remelted metal, 
as well as to determine the regularities of their structure formation. 

2. Materials and methods 

For the experimental investigations, samples were prepared from alloys of the Al-Mg (5052, 5083) 
and Al-Zn-Mg-Cu (7064) systems (Table 1). These materials were selected as models to simulate real 
aerospace products that require precision hermetic joints. Alloys 5052 and 5083 exhibit high strength 
and corrosion resistance, are easily formable at room temperature, and demonstrate good weldability. 
They are widely used in the production of aviation equipment, boats, household appliances, and 
automotive components. Alloy 7064 is a high-strength wrought alloy. It is characterized by high strength, 
rigidity, and good workability under pressure, which promotes its use in various industries, particularly 
in aerospace engineering for the fabrication of load-bearing structures and fuselage components. 

Table 1. Chemical composition of the experimental samples (wt.%) [56]. 

Registered 
international 
designation/system 

Si Fe Cu Mn Mg Cr Zn Ti Zr Others Al 

Each Total 

5052/Al-Mg ≤0.25 ≤0.4 ≤0.1 ≤0.1 2.2–
2.8 

0.15–
0.35 

≤0.1 – – 0.05 0.15 Base 

5083/Al-Mg ≤0.4 ≤0.4 ≤0.1 0.4–
1.0 

4–4.9 0.05–
0.25 

≤0.25 ≤0.15 – 0.05 0.15 Base 

7064/Al-Zn-Mg-
Cu 

≤0.12 ≤0.15 1.8–
2.4 

– 1.9–
2.9 

0.06–
0.25 

6.8–
8.0 

– 0.1–
0.5 

0.05 0.15 Base 

The study was conducted according to the following methodology. Partial penetration melting 
was performed in plates measuring 50 × 50 × δ mm, where the thickness δ = 4 and 5 mm, using laser 
irradiation in different shielding environments with the following five argon gas shielding 
configurations for the weld pool: 

(1) In air (in an open chamber) with local shielding of the weld pool by argon (flow rate 25 L/min). 
(2) In an argon atmosphere within a sealed chamber, which was filled with argon following 

evacuation (pressure 1.05 MPa). 
(3) The same, with additional argon purging of the weld pool (flow rate 5–10 L/min). 
(4) In a sealed chamber under an argon atmosphere at reduced pressure (170–190 Pa). 
(5) The same, with additional argon purging of the weld pool (flow rate 5–10 L/min).  
During the research, the reliability of the gas shielding of the weld pool was determined by the 

following basic requirements, corresponding to ISO 13919-2:2001: In the remelted weld metal, the 
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maximum total size of oxide inclusions should not exceed 3% of the cross-sectional area of the melt, 
while the thickness of the oxide film should be no more than 0.01 mm. The experiments were carried 
out according to the scheme presented in Figure 1. To determine the dimensions of the penetration 
cross-section, statistical data were collected by performing measurements on three cross-sections of 
different samples with subsequent averaging of the obtained data. 

 

Figure 1. Scheme of laser welding experiments (angle of inclination of the shielding gas 
supply nozzle α = 45⁰; the depth of the focus relative to the surface of the welded sample 
is 10 mm). 

To reliably achieve non-through melting, the laser welding process was performed in the so-called 
heat conduction mode. In this welding mode, the surface of the weld pool exhibited minimal depression 
and no keyhole was formed, unlike welding in deep penetration mode. Typically, heat conduction 
mode is not employed in laser welding due to a significant decrease in process efficiency. However, 
in this study, this regime was selected to more distinctly demonstrate the influence of gas shielding 
configurations on the formation of the laser melting. To attain the heat conduction mode of laser welding, 
the focus of the fiber laser radiation was positioned at least 10 mm below the surface of the specimen. 

Cross-sectional macro- and microsections were prepared from the obtained melted samples [57,58], 
which were subsequently used for metallographic studies of the geometric and structural parameters 
of the penetrations, as well as their chemical composition [59–62]. For this purpose, the structural 
constituents on the polished sections were revealed by electrolytic etching in a solution of glacial acetic 
and chloric acids. Microhardness measurements were performed using a Leco M-400 microhardness 
tester (LECO, USA). Metallographic studies were conducted using a Neophot 32 optical 
microscope (CARL ZEISS Jena, Germany) and a Tescan Mira 3 LMU scanning electron microscope 
equipped with an Oxford Instruments Inca Energy energy-dispersive spectrometer and an X-Max 80 
detector (TESCAN, Czech Republic) [63–65]. Comprehensive material analysis methods were applied 
for all other investigations [66–69]. 
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3. Results 

The experiments were conducted using specially developed pilot-scale equipment, which enabled 
welding in air with local protection of the weld pool, as well as in a controlled atmosphere, including 
under reduced pressure. The equipment consisted of the following major components (Figure 2): 1: 
hermetic welding chamber with manipulator for rotating and moving the specimens; 2: inlet assembly 
with coordinate adjustment system for the welding head; 3: gas preparation system with equipment for 
regulating the pressure in the chamber; 4: recirculating gas system with equipment for supplying, 
circulating, and cooling inert gases (argon, helium); 5: fixture for securing the specimens being   
welded; 6: laser welding head; 7: technological fiber laser, model MFSC-1000 (Maxphotonics, China), 
with a power output up to 1 kW and a wavelength of 1070 nm; 8: equipment control system with a 
programmable PLC controller; 9: temperature control system including a pyrometer for non-contact 
monitoring of heating during welding. 

 

Figure 2. External view of the technological complex and vacuum chamber with a rotary 
manipulator for welding in a protective controlled atmosphere at various pressures. 

A hermetically sealed welding chamber equipped with a manipulator for rotating and moving the 
samples to be welded enabled operations both in a low-pressure atmosphere (100–101 Pa) and in an 
inert gas atmosphere (argon, helium) when the chamber is filled (Figure 2). The working pressure in 
the chamber during laser melting experiments was 1.05 MPa when the chamber was filled with argon, 
and 170–190 Pa under low-pressure atmospheric conditions. The sample for welding was mounted in 
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the manipulator (rotation mechanism) using specialized equipment. The chamber was equipped with 
systems for visual monitoring of the welding processes and non-contact temperature measurement of 
the sample by a pyrometer, as well as units for inert gas delivery and gas blowing of the weld pool. To 
eliminate the negative impact of laser optics contamination on the stability of weld formation, a     
cross-jet with argon purging at a flow rate of 10 L/min was installed under the window to input focused 
laser radiation into the welding chamber. 

Immediately prior to conducting laser welding studies, the sample surfaces were prepared to 
remove the oxide film by mechanical (scraping) or chemical (etching in NaOH alkali and HNO3 acid) 
methods. During the study, five selected weld pool gas shielding schemes were sequentially employed.  

Welding was performed in automatic mode at a speed of 25 m/h, with a laser power of 900 W 
and a focal depth set at 10 mm below the surface of the sample undergoing melting. The linear welding 
energy input in all cases was 100–130 J/mm [70]. During specimen rotation, a continuous ring-shaped 
weld was formed (Figure 3). The closure was performed with a gradual decrease in laser power; 
however, the closure zone (5–10 mm in length) was not considered in subsequent studies. The criterion 
for selecting the melting regime for the specimen was that its heating did not exceed 100 °C. Upon 
completion of the laser melting process, the specimen was removed from the chamber and the 
equipment was prepared for the next experiment. 

 

Figure 3. External appearance of laser melt pools in alloy 5083 (δ = 5 mm): (a) on the 
abraded surface; (b) on the etched surface. 

The selected regime, with intentional defocusing by 10 mm when using the first three gas 
shielding schemes, provided the so-called heat conductive laser melting mode [71–74], which is 
characterized by slight sagging of the weld pool surface and a weld shape factor K > 1 (K = W/D, 
where W is the weld width and D is its depth) [75–77]. When the fifth shielding gas configuration was 
employed, the melting regime shifted from heat conductive to deep (keyhole), which is characterized 
by the formation of a vapor-gas channel (keyhole) and a weld shape coefficient K ≤ 1. In this case, the 
penetration depth increased up to five times. The transition to the deep penetration regime was 
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facilitated by argon flow (5–10 L/min) directed onto the weld pool at an angle of up to 45º relative to 
the axis of the focused laser beam under reduced pressure conditions (170–190 Pa). It should be noted 
that under either normal or elevated pressure (1.05 MPa), with an analogous argon shielding gas flow 
over the weld pool, the transition to deep melting was not observed. This effect can be explained by 
the enhancement of metal vapor dispersion under reduced pressure, which is typically generated above 
the weld pool. This results in a substantial reduction of the laser-induced plasma plume and improves 
the depression of molten metal under the pressure of the argon jet, which, in turn, facilitates keyhole 
formation under laser irradiation [78–80]. 

4. Discussion 

The sample preparation stage for laser melting demonstrated the following. It was established 
that, in the case of scraped samples, weld formation was non-uniform, exhibiting significant fluctuations 
in the width and depth of penetration, and the repeatability of the results was unsatisfactory (Figure 3a). 
In contrast, for melted etched samples, weld formation was stable with satisfactory repeatability of 
results (Figure 3b). The described results were observed regardless of the ambient pressure. Studies 
have shown that during scraping of the samples, particles of the Al2O3 oxide film entered the metal 
and contributed to increased absorption of laser radiation by the surface, which led to an increase in 
the width and depth of melting. In contrast, areas of the sample surfaces that lacked Al2O3 particles or 
contained them in insignificant amounts absorbed laser radiation less efficiently, resulting in a decrease 
in the width and depth of melting. 

As a result of the described studies, it was determined that, to achieve stable depth and width of 
laser melting, it is necessary to ensure optical uniformity in radiation absorption by the welded surface. 
In the case of aluminum alloys, this is achieved by replacing preliminary scraping of the welded edges 
with chemical etching, which prevents the introduction of oxide scale fragments into the metal that 
would otherwise significantly increase radiation absorption. Therefore, only chemical etching was used 
to prepare samples for subsequent experiments.  

When investigating the effect of the shielding environment on microstructure formation and 
changes in the content of the major alloying elements in the remelted metal during laser welding, 
attention was given to the formation of the weld cross-section and the corresponding crystallite growth 
directions, weld microhardness, as well as the tendency for changes in the content of alloying elements 
with the lowest evaporation temperatures, namely Zn and Mg. 

An analysis of the cross-sectional formation of the weld revealed the following findings (Table 2): 
laser welding in a dynamic low-pressure atmosphere with weld pool blowing results in approximately 
a fivefold increase in penetration depth, accompanied by a 20%–30% increase in weld width compared 
to all other gas shielding configurations. Laser welding in an argon atmosphere within a sealed 
chamber, combined with weld pool blowing, results in an increase in weld width of up to 15%, while 
the penetration depth remains virtually unchanged. All other shielding gas configurations have 
virtually no effect on changes in the cross-sectional shape of the laser melt pools. 
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Table 2. Major geometrical parameters of laser melt pools in aluminum alloy 7064 (δ = 4 mm), 
produced using the investigated shielding gas configurations. 

Shielding gas 
configuration No. 

Macrosection of penetration Penetration depth (H), mm Penetration width (L), mm 

1 

 

0.21 0.7 

2 

 

0.23 0.7 

3 

 

0.2 0.8 

4 

 

0.2 0.7 

5 

 

1.0 1.0 

It should be noted that for laser melting according to schemes 1–4 (Table 2), the cross-sectional 
area of remelted metal in the seams is approximately 0.100–0.101 mm2, while for melting according 
to scheme 5 it is 0.5 mm2. Therefore, the specific energy density for melting according to schemes 1–4 
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is 8900–9000 J/mm2, and for melting according to scheme 5 it is 1800 J/mm2. Therefore, reducing the 
ambient gas pressure while simultaneously purging the weld pool with an inert gas (argon) enables a 
fivefold decrease in the specific energy density required to achieve melting in the 7064 alloy. As further 
experiments have demonstrated, this trend remains consistent for all the aluminum alloys investigated. 

The investigation of oxide formation in the metal of laser melts was conducted using 
metallographic methods. In all cases, the maximum size of oxide inclusions did not exceed 3% of the 
fusion cross-sectional area, and the thickness of the oxide film was no greater than 0.002 mm. This 
corresponds to the requirements of ISO 13919-2:2001 [81]. The research data indicated that when 
shielding gas configuration No. 1 was employed, the greatest quantity of oxide inclusions was observed; 
up to 3% of the fusion cross-sectional area (Figure 4a). When using shielding gas configuration No. 2, 
the amount of these inclusions decreases to 1.5%–2.0%. The smallest fraction of these oxide   
inclusions (less than 1.5% of the penetration cross-sectional area) was observed with shielding gas 
configurations No. 4 and No. 5 (Figure 4b). 

 

Figure 4. Al2O3 oxide film inclusions in the metal of laser melt pools in 5083 alloy (δ = 5 mm) 
under gas shielding: (a) configuration No. 1; (b) configuration No. 5. 

Microhardness analysis of laser melt pools formed under various shielding environments 
indicated that, for alloys 5052 and 5083, modifications in the shielding gas configurations of the weld 
pool exert a negligible effect on this parameter (Figure 5). The obtained results fall within the 
measurement error and the standard deviation of HV0.1 microhardness values for these alloys [82,83]. 
To a greater extent, variations in shielding gas configuration impact the high-strength alloy 7064. The 
greatest hardness (comparable to that of the base metal) is observed when employing the first of the 
studied configurations (in air with local argon shielding of the weld pool), which can be attributed to 
superior cooling conditions of the welded specimen compared to all other configurations. The lowest 
hardness (25%–35% lower than that of the base metal) is observed when welding in an argon 
atmosphere within a sealed chamber, which is related to the poorest cooling conditions. In other cases 
of penetration of alloy 7064, the microhardness of the remelted metal is at the level of 70%–90% of 
the base metal microhardness.  
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Figure 5. Scatter of microhardness values (HV0.1) of penetrations in samples of aluminum 
alloys 5052, 5083, and 7064 (δ = 4 mm), obtained under the following gas shielding 
configurations: 1: in air with local argon shielding of the weld pool; 2: in an argon 
atmosphere in a sealed chamber; 3: in a chamber in an argon atmosphere with additional 
argon blowing of the pool; 4: in a chamber in an argon atmosphere at reduced pressure; 5: 
in a chamber at reduced pressure with additional argon blowing of the pool; and 6: base metal. 

The content of alloying elements such as Mg, Zn, and Cu in the remelted metal of the investigated 
alloys was analyzed using scanning electron microscopy [84,85]. The obtained results are presented in 
Table 3. The investigation of chemical inhomogeneity in the penetration zones of 5052 and 5083 alloys 
shows that the distribution of the volatile alloying element magnesium in both the base metal and the 
weld metal is inhomogeneous. In all cases, a reduction in magnesium content in the weld metal is 
observed. In the penetration metal of aluminum alloy 5052, the Mg content decreased to 0.63%–1.57% 
when using shielding gas configuration No. 4. In contrast, when using shielding configurations No. 1, 
No. 2, and No. 3, the reduction in Mg content in the penetration metal is less than when using 
configurations No. 4 and No. 5. In turn, the reduction in Mg content observed when employing scheme 
No. 5 is lower than that observed with scheme No. 4. Thus, lowering the ambient atmosphere pressure 
facilitates a reduction in magnesium content within the metal of the laser melt pools; however, 
additional shielding of the weld pool contributes not only to an increased penetration depth but also to 
a 10%–30% increase in magnesium content compared to melting without shielding. 
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Table 3. Content of Mg, Zn, and Cu in the metal of laser melt pools produced in samples 
of 5052, 5083, and 7064 alloys (δ = 5 mm). 

Alloy Gas shielding configuration Element content in the melted metal (wt.%)/fraction burned off (%) 

Mg Zn Cu 

5052 No. 1 2.6/8 - - 

No. 2 2.23/20 - - 

No. 3 2.23/20 - - 

No. 4 1.29/54 - - 

No. 5 1.57/44 - - 

5083 No. 1 4.6/4 - - 

No. 2 4.12/14 - - 

No. 3 4.34/10 - - 

No. 4 2.38/50 - - 

No. 5 3.8/20 - - 

7064 No. 1 1.77/34 4.28/39 1.63/14 

No. 2 1.96/27 4.65/34 1.84/3 

No. 3 1.99/26 4.05/42 1.90/0 

No. 4 1.35/50 2.20/68 1.70/11 

No. 5 1.37/49 2.42/65 1.72/9 

The most significant magnesium losses during laser penetration of 5052 and 5083 alloys are 
observed when using weld pool shielding scheme No. 4 (54% and 50%, respectively). The distribution 
of changes in magnesium content along the depth and width of the laser-melted zone in alloy 5083 
with gas shielding configurations No. 4 and No. 5 is presented in Figure 6. It should be noted that such 
losses in magnesium content in the remelted metal may be critical, as each percentage point of 
magnesium increases the ultimate tensile strength of the alloy by approximately 30 MPa and the yield 
strength by approximately 20 MPa [86–89]. 

 
Figure 6. Distribution of changes in Mg content (wt.%) during laser melting in alloy 5083 
(δ = 5 mm): (a) along the width B; (b) along the depth H. (1: in a chamber with an argon 
atmosphere at reduced pressure; 2: in a chamber at reduced pressure with additional 
purging of the argon bath). 
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From the perspective of welding in a reduced pressure environment, Al-Zn-Mg-Cu system alloys, 
particularly alloy 7064, are more promising due to their combination of enhanced mechanical 
properties. These alloys contain, in addition to magnesium, zinc and copper; the content of these 
elements in the penetration metal for the 7064 alloy is given in Table 3. Although the content of the 
studied elements in the weld metal decreases during laser penetration of this alloy, applying shielding 
to the weld pool also demonstrated somewhat better results. However, due to the high coefficient of 
linear thermal expansion and the low evaporation temperatures of the light alloying elements (primarily 
Mg, Zn, and Cu), welding these alloys remains problematic [90,91]. 

The results of the conducted research established that when employing gas shielding of the weld 
pool according to schemes No. 1 through No. 4, the melted zones in the Al-Mg (5052, 5083) and        
Al-Zn-Mg-Cu (7064) systems predominantly exhibit a depth of 0.20–0.23 mm and a width               
of 0.7–0.8 mm (Table 2). In these melted samples, the heat affected zone (HAZ) is not distinctly 
pronounced and is characterized by a small size (Figure 7a,b). The shallow depth of laser melting of 
aluminum alloys is due to the significant (10 mm) focus depth and, consequently, the relatively large 
diameter of the radiation focusing spot. In this case, a heat conductive mode of melting is observed, 
characterized by a wider and shallower crystallization bath, which facilitates the vertical growth of 
crystallites from the fusion boundaries (Figure 7). 

 

Figure 7. Metal structures laser melt pools of 5052 alloy samples of the Al-Mg system 
(gas shielding scheme No. 4): (a) melt macrostructure; (b) heat-affected zone; and (c) weld 
metal. 
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When using scheme No. 5 for the gas shielding of the weld pool, deep (or dagger-like) laser 
melting was observed in the samples, characterized by the formation of a vapor-gas channel (keyhole). 
An example of such melting for the 7064 alloy of the Al-Zn-Mg-Cu system is shown in Figure 8. This 
type of melting for all the alloys studied is characterized by transcrystallite, counter-directional growth 
of crystallites from the pool walls at an angle toward the central axis (more precisely, the central zone) 
of the molten cross-section. Dendrites are oriented from the fusion boundaries toward the solidifying 
melted metal and grow toward each other from opposite sides of the surfaces toward the fusion axis, 
resulting in a characteristic structure with ordered crystalline grains. Consequently, in the central      
part of the weld, a mixture of equiaxed and oriented dendrites is observed. The formation of an     
impurity-enriched liquid in the axial zone at the junction of crystallites under such bath geometry may 
lead to the development of a weakened interface between columnar crystals, which could hypothetically 
facilitate the formation of cracks under welding-induced deformations. 

 

Figure 8. Structures of the metal in the laser melt pools of 7064 alloy samples from the 
Al-Zn-Mg-Cu system (gas shielding configuration No. 5): (a) and (b): melt macrostructure; 
(c): weld metal; and (d): heat-affected zone. 

Microstructural analysis of the melt pools in 5052 and 5083 alloy samples of the Al-Mg alloying 
system demonstrate that, in both the base metal and the weld metal, in addition to the α-solid solution 
of magnesium in aluminum, double and more complex β-phases (Mg2Al3 or Mg5Al3) are also present. 
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These phases are distributed within the melted metal as fine eutectic precipitates located between dendrite 
arms. In the 7063 alloy of the Al-Zn-Mg-Cu system, zinc and magnesium exhibit significant solubility 
at elevated temperatures (400 °C) and minimal solubility at lower temperatures (below 200 °C).         
The primary strengthening phase in the 7064 alloy is the T-phase (Al2Mg3Zn3). An addition of 
approximately 2% Cu is present, which enhances corrosion resistance. 

The phase precipitates in the penetration metal are finely dispersed, and the fusion boundaries 
exhibit no signs of overheating. Continuous chains of precipitates are also observed outside the grains 
in the HAZ, directly along the fusion boundaries. The fusion zones themselves are very narrow, with 
a fine-grained structure, and represent a continuous transition of grains from the base metal to the weld 
metal crystallites. It should be noted that the deformation texture of the base metal is preserved 
identically right up to the fusion zones (Figures 7 and 8), while no grain recrystallization is observed 
in the heat-affected zones. 

5. Conclusions 

1. The influence of argon gas shielding configurations of the weld pool on the melting behavior 
of Al-Mg and Al-Zn-Mg-Cu aluminum alloy samples with a thickness of 4–5 mm under fiber laser 
irradiation at 900 W power and a linear energy input of 100–130 J/mm was investigated. It was 
determined that when using local argon shielding in an open atmosphere, as well as a shielding 
environment in a controlled atmosphere chamber at normal (1.0–1.05 MPa) and reduced (170–190 Pa) 
pressure, partial penetration melting of plate-shaped samples occurs in a heat conductive regime to a 
depth of 0.20–0.23 mm. However, when the melt pool is purged with argon at a flow rate of 5–10 L/min 
in a chamber with reduced pressure of 170–190 Pa, a transition to deep (keyhole) melting is observed, 
characterized by a fivefold increase in penetration depth and a corresponding fivefold decrease in the 
specific melting energy density (from 8900–9000 to 1800 J/mm2). 

2. It has been established that during laser penetration in the heat conduction regime in air with 
local argon shielding, the Mg content in the remelted metal decreases by 4%–8% for Al-Mg alloys and 
the content of Mg, Zn, and Cu decreases by 15%–40% for Al-Zn-Mg-Cu alloys. The microhardness 
of the metal in the penetrations is close to that of the base metal. In the remelted metal, Al2O3 oxides 
are observed, constituting approximately 3% of the penetration cross-sectional area. 

3. When employing a surrounding protective atmosphere of argon at a pressure of 1.05 MPa, the 
fraction of oxide inclusions constitutes 1.5%–2.0% of the cross-sectional area of the melt. Furthermore, 
the content of alloying elements decreases, amounting to 74%–90% for Mg, 66% for Zn, and 97% for 
Cu, while the microhardness of the melt metal is reduced by 10%–35% compared to the base metal. 
With additional argon blowing of the melt bath at a flow rate of 5–10 L/min, the content of alloying 
elements is 73–86% for Mg, 58% for Zn, and 100% for Cu, and the microhardness of the melt metal 
ranges from a 15% decrease to a 5% increase relative to the base metal. 

4. It was determined that reducing the pressure of the surrounding shielding atmosphere                   
to 170–190 Pa leads to a decrease in the proportion of oxide inclusions to 1.5% and below in the 
melting cross-section. However, this also results in a reduction in the content of alloying elements, 
specifically Mg to 46%–50%, Zn to 32%, and Cu to 89%. Additionally, the microhardness of the metal 
in the melted regions decreases by 10%–30% compared to the base metal. Argon shielding of the weld 
pool at flow rates of 5–10 L/min under reduced pressure of 170–190 Pa facilitates an increase in the 
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proportion of alloying elements in the remelted metal to 51%–80% for Mg, 35% for Zn, and 91% for 
Cu, as well as a 5%–10% reduction in the microhardness loss effect.  

5. It has been established that laser melting of the investigated alloys in heat conductivity mode 
results in the formation of remelted metal tracks with depths of 0.20–0.23 mm and widths of 0.7–0.8 mm, 
which, during weld pool crystallization, promote the vertical growth of crystallites from the fusion 
boundary and the segregation of low-melting constituents to the surface. In the case of laser melting 
in the deep (keyhole) mode, the tracks of remelted metal in cross-section had both depth and width    
of 1.0 mm, exhibiting transcrystalline counter-growth of crystallites from the pool walls at an angle 
toward the central melting zone, with the segregation of low-melting constituents into the central 
melting zone. 

6. It has been established that the optical homogeneity of the surface of welded aluminum alloys 
contributes to the improvement of the formation of seams and penetrations by stabilizing the 
absorption of laser radiation. It is proposed to achieve such stabilization by preliminary chemical 
etching of the welded edges instead of scraping them, which allows to eliminate the ingress of oxide 
film residues into the metal, which significantly increase the absorption of radiation. 
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